US009166874B2

a2 United States Patent 10) Patent No.: US 9,166,874 B2
Mizutani 45) Date of Patent: Oct. 20, 2015
(54) COMMUNICATION NETWORK SYSTEM (58) Field of Classification Search
AND COMMUNICATION NETWORK None
CONFIGURATION METHOD See application file for complete search history.
(75) Inventor: Masahiko Mizutani, Fujisawa (IP) (56) References Cited
(73) Assignee: HITACHIL LTD., Tokyo (IP) U.S. PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this 7,308,198 B1* 12/2007 Chudak etal. ....c.ccnveee 398/58
atent is extended or adiusted under 35 8,577,220 B1* 11/2013 Wangetal. ... 398/5
p d 2008/0219268 Al* 9/2008 Dennison ........ ... 370/395.2
U.S.C. 154(b) by 210 days. 2009/0073988 Al* 3/2009 Ghodratetal. ........ 370/395.53
2012/0127855 Al* 52012 Alonetal. ......ccceee.. 370/218
(21) Appl. No.: 13/825,393

FOREIGN PATENT DOCUMENTS
(22) PCT Filed: Oct. 28, 2011

JP 2006/080279 Al 8/2006
(86) PCT No.: PCT/JP2011/074954 P 2008-219496 A 9/2008
§ 371 (e)(1), * cited by examiner

2),(4) Date:  Jun. 13, 2013
2), (4) Date i 25 Primary Examiner — Christine Duong

(87) PCT Pub.No.. WO2012/114581 (74) Attorney, Agent, or Firm — Volpe and Koenig, P.C.
PCT Pub. Date: Aug. 30,2012 (57) ABSTRACT
. s A redundant path configuration method and a control method
(65) Prior Publication Data are discloseg. An intgrcommunication path for mutually
US 2013/0258842 Al Oct. 3, 2013 transmitting and receiving a signal is provided among the
BHEs each of which is a top of a tree. When failures occur in
(30) Foreign Application Priority Data an active system path in certain AE, a standby system path
(BHE) relays communication between the AE and the (active
Feb. 24, 2011 (JP) ................................. 2011-038859 system) BHE so as to secure continuity of communication.
The intercommunication path through which a data signal
(51) Int.CL does not flow in a normal operation is used as a traffic accom-
HO4L 12724 (2006.01) modation path in an emergency among the BHEs. By setting
HO4L 127707 (2013.01) a bypass between the tops of the trees, when a failure occurs
HO4L 127703 (2013.01) in one tree, a signal is transferred from the active system BHE
HO4L 12/753 (2013.01) to the standby system path in which another BHE is a top to
(52) US.CL build a sub-tree bypassing the failure point and to secure a
CPC ............ HO4L 41/0668 (2013.01); HO4L 45/22 communication path.
(2013.01); HO4L 45/28 (2013.01); HO4L 45/48
(2013.01) 10 Claims, 37 Drawing Sheets
210
==} LSP-m (m~th Label Switched Path) [ 220
aean D} LSP-1]

Core Network (A)

Core { 0 another Core/backhaul
o o L BN etwork

Networkl =

% 3 723 §eue
Interconnection \'\ 732
(duplicated) 733
1m :‘A —g r—g 181
571y e—BHE | BHE [ 58!

ATOR 831 A 0 o
wRBEEral] N om0 T
Moabile / Wholesale o 572 20
backhaUI\\ w g , 121




US 9,166,874 B2

Sheet 1 of 37

Oct. 20, 2015

U.S. Patent

ocy

NV1/

‘mn_wH / U] sy3 o t

SMIOMIDN SWo
LE NV / y! N H
wo
SYIOMION SLUOH 75
wmmmmeeedl N P TN X A—T IN T
1ev 1gy— Ly &
¥€9 £E LG\ 19—
18 D MR NOILDI13S
................................ NOWPaEsH .Pmm----: av WIISAS ‘
v %6 v
NOILOTIS ., (4]
WIISAS [ gv g1l .
128 Al g
< z¢6 B 116 Ineyoeq
02 eLs o 126 S[Es8|oYM / elIqoN
hum NINSOVYNVI
NIWIDYNY NIWIOYNYI 0L6 g5
128 aHg [ 2800vd_[o o \n 13ng IS
3 ‘
81— 2Ll 1Ll
geL 444 m (pa31e2)/dnp)
uo}vsUUODIDJU
, 26 \\ . Y
T 7 06
1£2
(9)
-
SHOMION g e Yo s === PHOMISN
[neyqoeq/edo) Jayjoue of " 2100 A< JJOMION 910D
i
U-dsT]
0z ] (Uaed POUONMS (548 Y3-W) U-dST :
A4 ole




US 9,166,874 B2

Sheet 2 of 37

Oct. 20, 2015

U.S. Patent

00001

1¢2
_ (8) }oMIBN 9409 _

\x

0ce

r4¥A

L1e

Y

_ (V) ¥omaN 8100 _

x\

Oie

NOILD3TIS
W3LSAS

aul] sseooy

P

09

A NHOMLIN AV

\

ol

(pa3eo]|dnp)
uoRoBUUOdIBU]

"\

06



US 9,166,874 B2

Sheet 3 of 37

Oct. 20, 2015

U.S. Patent

€1s

sweds ‘bey
—p4em.o

awel} ‘bay
-3ulyoumg

00001

NOILLIZIS

NZLSAS

122

€0l

z1G, 429

NOILII13S
WILSAS

v

Y

[4Y4

_ (g) YHomiaN 80D _

7

0¢e

119

el &

NOILOTIIS
WALSAS

11

[ (V) HOMIaN 9.40] |

\

ole

aur sseooy

P

09

A MHOMLEIN A3

M

ol

I
%mumo__azvv
Uo{109UU0DIa ]

06




US 9,166,874 B2

Sheet 4 of 37

Oct. 20, 2015

U.S. Patent

€lg
WILSAS

286 |
2Ls
FNTOVNY
SWER WOO| [ S
0000} zaL |

NOIo3s) | HES

¥4

A\ 4

[ (8) >HoMIeN 840 |

x\

0ze

L9
\\ sul] sseooy
EEND
Rl v/ (e /
E\4 09
HE T
A~ MHOMLIN AV13d
o1
06 TNIOYNY
£ o LS
3Hd -
1L (peeoy|dnp)
1eL m By UO[OBUU0D.IBU]
(43 O 06

L2

ﬁ (V) Homiap 840D _

7

01¢



US 9,166,874 B2

Sheet 5 of 37

Oct. 20, 2015

U.S. Patent

%-00001 7]

JWvHS V1VQ/0000) JNYEL NOD
TYNDIS ¥NITdN ONIANTS LHVLS
L01S H1ivd ONIANTS %NITdN HOLIMS
1
- ONILIVM ONIANTS
= 90IS [ TYNOIS MNINdN ¥Od Y3WIL JOLS
AT
¢~10002 T
1-1000g~ | T e T
L000Z INVYL T TTTT
1SINDIY ONIHOLIMS HLYd ONLLIVA ONIONIS
GOLS | TYNOIS MNITdN HOd4 YANIL 1HVLS
I
¥01S 183n03Y
ONIHILIMS ONIONIS LHYLS
1
ALY1S DNIHOLIMS
€0lS | WELSAS OL NOLLISNYYL ANV 31V1S
UMV NI ONIZE SY ININNTL3A
I
ANIL DI41DTdS HOA FARNY
201S | L1ON S3I0Q 3WvHd LYHL WHIINOD

JHd
Nh—\:\

00001 (ewWey WOD) ANYHL ONDIOTIHI NOILOINNOD

g'old

LNIOd INIL NOILYINYHIANOD
TYARREY TYNID SWvHS
\,\ ONPBIOZHO NOILOINNOD

101S

h 4

v

/

¢l



US 9,166,874 B2

Sheet 6 of 37

Oct. 20, 2015

U.S. Patent

9'9Old

JWvHL V1VA/0000L WYY WOO
TYNDIS MNIMdN ONIANITS LHYLS
LOlS HLYd ONIONIS XNITdN HOLMS

Z.) 3HE WOYd "TYNDIS
102S MOV 40 NOLL4303Y WHIINOD
Z-0000€ :
2 |-0000¢

2-10002~]

1-10002~]

L000Z INVHL T memeeal ]
1S3N0T ONHOLIMS HLVd o STERET

ONIHOLIMS ONIANIS 1HV.LS
I

31V1S ONIHOLIMS
£01S WILSAS O1 NOILISNVY.L ANV 31VLS
FHNTIY4 NI ONISE SV ININMZLI]

1L OII03S MO FARYY
Z01S | L1ON $30Q 3INvyd LVHL WHIINOD
2Hg LNIOd FLL NOLLYWNIINOD
\,\ TWAISYY TYNIH FWVHS
ZL1 ONIIDTHD NOILIINNOD
. 10LS
%-00001 -] .
2-00001"]
1-00001 "] 0000+ (8w WOO) IV ONIHOTHO NOLLOINNOD
JHa v

/ /

(YA (43



US 9,166,874 B2

Sheet 7 of 37

Oct. 20, 2015

U.S. Patent

L' Old

IWVYL Y.Lv0/00001 3WNvHL WOD

e
g-z000e ] -
AT
1-20002 20002 JNVY
1S3NDIY HIISNYHL
3Hg
A1

L01S TYNSIS MNINdN ONIANTS LHVLS
H1vd ONIGNIS MNI1dN HOLIMS
1
T4 IHE INOYL TYNDIS
1028 MOV 50 NOLLJZD3H WHIINOD.
Z2-0000¢ - \\\.\\\\\\\\\\v
G000 MOV | >~ I-0000€
INMOD
. H3WIL FLTTIAN0D G0gs
pogg| LNNOO HINIL 1yvis
1
1S3NO3Y HAISNVHL
£0ES| ONILLINSNYYL 1¥V1S
1
INAWIND3
47135 NI SONILIAS
¢0ES HLYd JONYHD
i
1S3ND3IY 40
LOES| NOLLJZOTY WHIANOD .
¢-10002 ---------,H ............... 1000z JNVY
I-L000Z~ | T TTTTTmmmeeeed
1S3N03
018 ONIHOLIMS ONIGNIS LHVLS
[
3Ha EL
2Ll cil

183N03Y ONIHOLIMS HLvd




US 9,166,874 B2

Sheet 8 of 37

Oct. 20, 2015

U.S. Patent

Nloooow.ﬂ

z-20002""
1-20002”""

3Hdg

(YA

8'9Id

IWYHL Yiva/o000L JWVHL INOD

TYNOIS MNIdN ONIONIS 1HV1S
H1Vd ONIANIS ¥NIMdN HOLIMS
1
Z.1 3HEG NOYH TYNDIS
102S MOV 40 NOILJAOTH WHIINOD

-

Lols

Nnoooomldl \\\u\\\\n\.\n\\\v
GG00E MOV | 1-0000¢
_ TYNDIS MOV _
. 40 NOILLJZD3H WHIINOD LOv¥S
0000V MOV =
2 |-0000%
Z000Z YYD 7T
1SIN0IY HIISNVHL _ 153N03d Y3JISNVHL
£0£S| ONILLINSNYYL LHVLS
1
1N3IWdIND3
473S NI SONLLLIS
¢0ES H1lvd JONYHO
|
_ 183N03ad 40
10ES|  NOLLAZOIN WHIANOD -
z-100027 ) T 1000Z SNV
I-100027~ | el 1S3N0TY ONIHOLIMS HLvd
1S3N03d
voLS _ ONIHOLIMS DNIANIS 1HV1S ;
]
JHg av

/ /

(13!



US 9,166,874 B2

Sheet 9 of 37

Oct. 20, 2015

U.S. Patent

€088

208s

108S

TYNOIS XNITNMOJ
ONINYIISNYHL LHYLS
I

211 3V 01 d3103uld
TYNDIS MNIINMOQG 40 HLVd
NOISSINSNYHL IONYHO

1
ZLL 3V NOYd
TYNOIS MNITdN 30
HLVd NO!Ld303d JONVHD

\I\‘nlllllllll!lllllllllllll
NI.N ':CN\I\‘nllllllll||....|ll|l||l|||

20002 3NV
1LSINDIY HIASNVHL
£0eS

¢0ES

JHEg

(YA

JNVYL VLVA/0000) NV

6 ©Old

INOD

1S3ND3Y HIISNVYL
ONLLLIASNVYL LYV.LS
1

¢hh v Woud
TYNODIS MNITdN 40
HLVd NOLLJ3O3Y JONVHO

TYNOIS
Ezmm 1MV1S _ Z-L01lS

HIVd ONIONTS _
snndnHoumg | FLOrS

¢-10002
1-10002

10002 JNVY

.............. 153N03Y ONIHOLIMS HLvd

183n03Y
ONIHOLIMS ONION3S LdviS

_
v

/

(13



US 9,166,874 B2

Sheet 10 of 37

Oct. 20, 2015

U.S. Patent

01’9l

oLYe 2~000¢
00tz (O K ® m.
e A o n
R GaaREETEEEEE S St LINN L e irinieirleietebes pabt bbbt O 1
'l oosz NOLLYNANZO IWvdd [ |
b I :
b TINN TOUINOD |, 1NN "
b . onmiL [ M qouinoo [\ 09¥C ;
i i (ON 1Nd1NO oNIav3Y ovye ogle
m = » A 4
0 0 w 00ty
" > 1IN v
- O—dI H-» ¥3d4nd LINN HOYV3S w”_w@w » NOILNGIYLSIa 4N w
m ; LH0d LNd1NO 1H0d LOd1NO0
' 02€2 D) w 12¥2 - NOILOZS ONISSAD0Md .
: . 0lve 0292 L A% e TYNOIS 1NdLNO 0N 0¢ie
w (IN 02z IEEGE 6222 o2 Lll...l.\\ ooz
; - f Igee NOILVHINIO m S " dn |||w||
- =1 |41 @3ddna 1IN LINN w34ana _ 00}y
ns)ywn |1 1ndino NOLLYSSN=D ¢ NOLLOVMLA 177 tndNl |, - dn I T
1 (/ AvOIIAVd < neuyoe
t m LINN LINN LINN 1IN Orfe 4 N1
: (OIS) ||| 708LNOO ONISSIOONUd SISATVNY | NOILOVHLX3 70822 (OI) [/3¥S °H9oN ()
000¢ i _[O/1 youmg ONIOVIY i y3IAVIH y3avaH y3avaH O/18url woly/o]
_ Y w Y 4§ NOILOTS ONISS350Hd \,\ H
\,\ 1 00227\ 08¢% 0Lee 09Zz TYNOIS LNdN '
100€ G oole

(O1) p4ed Bun

lﬁ ||||||||||| *ll..-:uuunvuxu.lll 31gvL |-t "
TINA YIJISNVHL 1 0002
1IND ._oEzooL _ 1OYLNOD Hivd ;
TH t /o m
" outlhon T m
JunTvd \/ " »©
/ )

N
—
—



US 9,166,874 B2

Sheet 11 of 37

Oct. 20, 2015

U.S. Patent

IOIE]

A-NVIA TNW-INN
apis |newpoed WOYL LNdNIOL AlddY NN 22NN
I-NVIA 1-INN
~L
¢80t~ d TAN-INN
apis Josn WOYH LNdNI 0L AlddVY = M Z-INN
A
I-g011 1 M I=INN
uijd 404 4] [B21807/[edlsAud Y- 1NN SOV1d (/M) QI MO armoid
yutuMo( 404 4] [eo180T /[ecisAUud YI-N AN Y3HLIO | /3LNoY LNdLNO /ALN0Y LNdNI
[uorosuuo) 4o Yied] uonoajoid/SUBIOM id/M \,\ \,\ \,\
6111 811l L1
v d N 7] b-NvIA | d-INn m-ds1| zINN| 6
g M N H b-NVIA d-INN A-dST X-I]NN ¥
I d N q u-ds I~INN ~NVIA -INN e
e'l M N ZH ¢w-ds1 | 2d-INN [-NVIA Z-INN A
£'C M N IH cW-dsT IM-INN ~NVIA L-INN ]
AdLINT
SYIHLO | ONIONOJSIHYHOD aimotd armoid
(drm) (N/A) (d/n) /31LN0Y a4 /31N0Y a| .
SOVIH HIHLO | 3dAL | 3¥nTv4 | ALIHOMd 1lndino | LndLlno LNdNI | d11ndNE | ©N

77 7 I

ocli 6LEL 9111 GL1L VLEL

\\

el

[138!

/ooa

1L

(a)

)



US 9,166,874 B2

Sheet 12 of 37

Oct. 20, 2015

U.S. Patent

¢-vigl

¢l Old

I-v1EL

/

¢-€Eliel

/

1-€1E1

/

M b-NVIA M-dST b-NVIA A-dsT umo( ¢—MO|4
M U-d4S71 ENYIA w--4S7 NVIA dan |-MO]4
al3Lnoy a1 3aLnoy a1 3Lnoy Qi 3LNoY
(wWd) 1nd1no LNdNI 1nd1No LNdNI
SOvld NILSAS NOILO3NIA
¥3HLO | ag3Lomas ied uohosioid yzed BUDHOM | NOILYOINNWNOD aimoT4
66¢1l Glegl 14 £ § ¢lEl LIEL

(=]
—

v)



US 9,166,874 B2

Sheet 13 of 37

Oct. 20, 2015

U.S. Patent

€1Lold

eL1IEL LLIEL
d b-NVIA M-4ST umo( 39901 0l-AHd
M b-NVIA A-dST umo(g 39901 01-AHd
d U-dsT [-NVIA dn 399D I-AHd
M W-d4S7 -NVIA dan 399 I-AHd
al aLnoy a1 aLnoy
1nd1no 1NdNI a4l
NOILYWYHONI 3dAL . NOILOZNIa WOISAHd
d¥3HLO | walsAs dl Yaed 8207 | NolLwoINNWWNOD | IdAL 3N LNdNI €=))
66¢€1 86¢1 oLIEL 61l 81¢l LICL

oLet



US 9,166,874 B2

Sheet 14 of 37

Oct. 20, 2015

U.S. Patent

¥1°Old

cLIE] 1LIE1

0 d b-NVIA M-dST umo(q 399501 2-Mol4
0 M b-NVIA A-dST umo(g 39901 ¢~Mold
ossw 01 d u-dsT [-NVIA dan 399 [—-mo|d
oosw 00| M W-ds NV IA dn 299 |-Mmo|4

al aLnoy al 3Lnoy

1Nd1no 1NdNI

NOILVWHOSNI | SWLL ONILIVM JdAL - NOILOINIA
YIHLO HI4SNVHL | W3ILSAS QI y3ed 1821307 | NoJLYOINAWNOD | 3dAL INIT aImod
66¢1 1131 g6¢E1l 0LLE!L ClEL 8igl Ligl
0l¢cl1




US 9,166,874 B2

Sheet 15 of 37

Oct. 20, 2015

U.S. Patent

GL'Old

MOT4/ANIT HOV YO NOLLYWHOLNI WVO S1 3d3HL
LON HO ¥3HLIHM ANV LNIOd INIL NOLLdSD3Y 13X0Vd ¥D3HO-
MOTA/ANIT AJILNIAI-

J1avL AvVi1ada
olzl

N ————

\,\ LINN TOHULNOD AV1EA

41 1nd1NO ANY LNdNI ANV MOTd LNdLNO
ANV LNdNI 40 378V.1 SONIINOdSIHHOO.
378V.1 NOISYIANOD

¥3aviH 1IN0V 1NdLNO ANV LNdNI+

00z} p\AE S ERET] o
NOLLVOIILON LON HO ¥3HLIHM- (@) + (v) 10 (@) (v)
NOILYWYHOSNI ONILLIS HIASNYHL SIONVLSWNOHIO OLL 378V YIASNVEL
NOILYOINNINWOD 14043y
JONVHO ONILLIS) i ool
LINM ONIOLINOW JHNIvd o LINNTOMINOO HIVd |~
Vad ] LOMALSNY

oo¥1

J1VY1S NOILd3D3Y ANV

NOISSINSNYXL 0 AdILON

NOILYWHO=NI ONILLIS 30 AJILON ONIHOLIMS L4Od3¥- NOILYARIOAINI
L3NV TZATYNY- SIONVLSWNONIO e 3 o,

V130 40 AJILON» .

(LINN LINIWIHNSY3IN MO AJILNIQI-

AV13Q) MOT/ANIT AJILNIAl

LINN INFWIOVYNVYIN HLVd

(8) + (v)
Jiavi
INIWIOVYNYIN

A~

00€}

SIONVLISWNIHIO
NOILYOINNWIWOD 40 ONRIOLINOW

olgl

(FONVHO/MIN)
ONILLIS HiVd

sdo

00006



US 9,166,874 B2

Sheet 16 of 37

Oct. 20, 2015

U.S. Patent

919l4
(aa )

J18VL AV130 L3S
NOILYIWHOSNI LNIFWNIOVNVIN
40 1INN TOULNOD AV13d
S$3141LON LINN INIFWIOVYNVN HLVd

378v1 ¥34SNYHL 138
NOILYIWHOINI INJWAOVYNYIN
40 1INN TOYLNOD H1vd
S3!4ILON 1INN INSWIOVYNVIA HLVd

(31avL INIWIDVYNVIN 13S)
1INN INIFWIOVNVIN
H.Lvd NI HLYd S13S d01vd3do

NR-LARS)

€0ld

cold

L0Ld



US 9,166,874 B2

Sheet 17 of 37

Oct. 20, 2015

U.S. Patent

ARIE

anNd

A

L8

JNVHd NOO
40 LNIOd 3NIL TWARDEY

LINN INJWIOVYNYIN HLVd
OL ONINYVM LINSNVYL

40 1IN TOMLINOD AVT13a
ANV LINN SNIMOLINOW
UMV AJILON 90¢d

8024

IWvH- OO 40 INIOd

HLvd 31VAlTvANI

FNLL TYAIYYY WHIINOD goed

£0¢4

Al

8L’

40 $388300xd WHOJH3d

Old

60¢4

" iHLYd LOFHH0D
N~ "oud Gan=0m v v0ozZd

A

< Ganvuanoo > g0cd

¥3AvaH INVHA
Q3AIFO3Y SWHIINOD Z024
LINN SISATYNY ¥3av3H

LINN NOILOVYLX3

43avaH WOd4d ¥3avaH 1024
HNV¥4 LNdNI SAIZ0FY

1yvls




US 9,166,874 B2

Sheet 18 of 37

Oct. 20, 2015

U.S. Patent

oLed

81 Ol4

anN3
3

.
>

NOILYWYOSNI
31N0Y L1NdL1NO
40 LINN ONISS300Ud
¥3AvIH AJILON

0z old
40 $3SS300Hd WHO4H3d

1INN TOHLINOD
AV130 HOd AYVYSSIOZN
S| INVYEL 40 ONINAND
1ON ¥HO ¥IHLIHM ¥O3HD

JNVHd 2137130

EA-E
40 Al AMOT4 LN4LNO/al
31N0Y 1NdLNO WHIINOD

aimoid
LNdNI ANV Q1 3LN0Y
LNdNI JOd HOXVES

LINQ NOILOVELXE
H3Av3IH NOYd ¥3AAvaH
FNVHL 1NdNI SAISO3

NR-LARS)

L0¢d

o0¢c4d

goed

1oed



US 9,166,874 B2

Sheet 19 of 37

Oct. 20, 2015

U.S. Patent

80%4

Zivd

Livd

Livd

OL¥d

61Ol4
_

H3WIL
ONILIVMY WOD 1383 | 20%d

».
o

—

LINN LNIFNIOVNYIN
Hivd OL ONINYVM LINSNYYL

A

N

HLYd OL ¥34SNVYL HOd LIVAM OL
LINM TOMLNOD AV1AQ LONMLSNI

A

EANMIVA
QI1OHSIYHL NVYHL
$837140 OLTvND3 covd
S| TVAHILNI TYAIHAEY
40 NOILVIAZQ SI

]

(1S3INDIY ONIHOLIMS
$8300Yd ATIVILNIHIAIY) 1INN
TOYLNOD ONIAVIY LONYLSNI

HLlvd NI 3ANVYA.
WOD 40 TWAYALNI
IVAIRMY WHIANOD Gob4d

%

(@nvyd 1s3n03d
ONIHOLIMS 2LVHINIO) LINN
NOILYHINTD ANV LONELSNI

]
Hlvd
ONIHOLINOWN HOVS 04
INVH4 WOD 40 INIOd 0¥
WL TYAIRY G¥003Y

A

FANTIVA ININYS3130

t

A
1INN SISATYNY ¥3avaH
NOY4 NOILYIWHONI
INYEA WD FAITOIY g 4 N

A
LANTVA
QTOHSIYHL A31VINS AN ¢ovd

N NIHLIM INTVA HIALLSI

Y

»
%

JNVEd WOO HOd DNILIVM
¥Od INIL ONIENSVIN LOv4
(IWLD LAVLS

BR-LARS




US 9,166,874 B2

Sheet 20 of 37

Oct. 20, 2015

U.S. Patent

G0Gd

0¢'Old

anNd

4

»

JNvdd NO SS300¥d
HIASNVYHL TVINHON

¥3avaH

HINNI INJWINDA NI LNIOd JNIL
1NdLNO INvyd 381¥0s3a (8)

=lej

INIOd 3WLL LNd1NO
JNVYL 40 LINN TOHLINCD
ONIWIL LNd1NO ANV LINN

70ULNOD ONIQYIY AdILON (V) v0G4

A

(¢AYVYSSIOAN LNIWLSNray
IVAYILNI NOISSINSNVYL SD
éSUNJ00
FUNTVYH IYIHM HLvd SI

$3SSVd ANVYd 3AIZ03Y
HOIHM HONOYHL
HLlvd 04 HOYVaS

LINN SISATYNY
¥3Av3IH WO¥4 Y3avaH
JNVHS LNdNI SAIZ03Y

1¥vls

€0s4d

<064

10Gd



US 9,166,874 B2

Sheet 21 of 37

Oct. 20, 2015

U.S. Patent

00%9 (OIN M\Go ®'© Nlomow
Rt Mttt e S Lo R Il
m P Rt LINO { n .......................................... - 1
Vo 00€9 zo_EmmzmomsJ :
Eo TINA TOUINOD |, 1m0 m
Y . ONIWIL > qouinoo [\ 0979 :
P N 1ndLno SNIaY3Y ov¥9 om\_o m
_" . . .o v : :w: ) 00€8
s O~ » ¥344NG ] LINAHOMVIS | | wﬂwmw » NOILNAIYisSIa " an m
; km ¢ 1304 LNd1No : ' 1¥0d LNdLNO {
m z D) 1 o9 ) NOILO3S ONISS300ud .
! . 008 0i¥9 omw.o 0ev9 IWNSIS 1NdLNO TN oNEoon
b [N 0229 ™ wadang 6229 8478 —
; . 5 189~ Nolvuanae 5 5 4N |m9.w|l
' 7 LINN —_—
— [-dl 34404 zo_hcumzm@ « H NOLLOVHLXT ¢ Tty > Elyl |n|w|
ns)ywun [ 1 ‘ 1ndLno 1ndNI _
! : ELLCENN ﬁ avoIAvd « MN 8400 (q)
s 0159 1 0£29 v EN 10
7'y i LINA LINN 1INA LINA
" (CIS) ||| 70uINOD ONISSZ00Yd le3] SISATNY ¥+ NolLovuLxa TM05EY ©rn; InePpeed )
: Y3avaH ' wouy/0]
000L | 0/1 youms oz_wﬁ_m w ; w_uo,mw: y3aY3H o/1aur
NOILDIS BNISS300dd i
\,\ m 0029\ 0829 0LcY 09¢9 TYNOIS LAdNI oo—\,w\ !
100L T I U !
2 ﬁ (&) pagd aur
..................................... ---t---1----[ 3avl
TINN y v '
ANSWIOVNYIN | |\ st o TINA TONUINGD TN HIAISNVHL ! 0009
' Hvd AV1ZQ TOMINOD HiVd !
1 3 1
oles | ooes” ﬂ ﬁ oozs” e L “
" ———{ gl .
! FiavL ! 4
! Jufidyd | LINN ONROLINOW i ©
' HLv¥d SHE-YILNI \V ' > —
SN, S i  ERS———— e oo (EAQ) 2NOAUOON 71

7 0005
d
00001 \\_lm|oL 0168 00ds



US 9,166,874 B2

Sheet 22 of 37

Oct. 20, 2015

U.S. Patent

¢¢’old

N umo( Zilav ol STHO wodd
@lo_mm\/\x_H
g-0155 A N an SIYQ 0L | ThiIv woid
<p> A umo(] 1£13Hg o1 sJYQ wo.g
<g> A dn LZ13Hg ol | 2113V wodd
<> A umoq | zhiav oL | 1Z13Hg woid
m_u.v. A dn s34o ol | 1/13H woi4
...... : NOILDTXIO
(N/A) 38N NOLLYOINNWINOD NOILO3HI NOILD3HId
Hivd AGANY.LS MOTd NOISSINSNYYL NOILdA03Y A mu
PO1GS 20168 qo0185 20155
0 N M (P~Md) Z-NYIA umoq H-dS" H=14103
0 N d | (A-NYIA) I-Md dn P-dS | 24-1L103
0 N M| (A-NVIA) I-Md an P-dST | IM-1L103
0 N d g-Md (X-NVIA) umo( e-ds Z-1L101
0 N M g-Md (X-NVIA) umo( 1=ds1 | 1~t1210%
0 N d [-NVIA (V-Md) dan T-dST{ T-1L10}
0 N M I-NVIA (V-Md) an H-dS1 | I-1L1%3
NOILO3dIa
NOLLYDINNIWWOD
Sovid @) A (V) ai3Lnoy Q1 3aLnoy MO al Hivd ai 4
¥3HLO | Jovsn | 3unuvd 3dAL 1ndLno LNdNI Q3LYAOWNODOY WoI901 WI90T
616G 816G L1S§ 91488 616G 168 £1a8s 45414 1189
016§

7]



US 9,166,874 B2

Sheet 23 of 37

Oct. 20, 2015

U.S. Patent

€2 9Ol

Z-v1es I-¥1€G 2-¢1€8 I~E1€6
0 d N-dS7 P-dST M-NVTA M-dST dn oo
d M Z-dS1 [-dS7 A-NVIA I-dS7 dn q-4
d M W-dS1 Z-NY1A P-dSs Z-NV1A umog B—4
al 3LNOY al 3Lnoy a1 3Lnoy al 3Lnoy
1nd1No 1NdNI 1Nd1no LNdN
sovid | 3FdaL W3LSAS NOILO3NIA
Y3HLO 3N | @3wo3aEs Wed uoosioid Uied BUBHOM | NoLVDINAWWOD | Al MO
66£S 91€S GlLES y1€6 e1eg A RN

LLES

1€4

W)



US 9,166,874 B2

Sheet 24 of 37

Oct. 20, 2015

U.S. Patent

yred uoloelodd ‘dd

¢ Old

eLLIES 1L1ES
d I-NVIA T-Md dd/dn 39501 9-AHd
M [-NVA M-Md dd/dn 49501 G-AHd
d Z-Md I-Md dd/dn SOd-9H0l ¥~-AHd
M V-NVTA O-Md an S0Od-H0l ¢-AHd
d N-Md Z-NV71A dd/umoq 399D ¢~AHd
M V-Md | Z-NVIA umoq 399 1-AHd
a1 31NoY al 3LNOY
1NdLNO LNdNI NOILD3NIA
NOILVIWNOSNI 3dAL - NOILVDINANNOD ardi
¥3IHLO | WaLsAs dl Yied [eolso AdALdl | 3darann | wvoisaHd | (@)
66€S 86€S 0L1€E8 61LES g81€6 L1€G
0l€8



US 9,166,874 B2

Sheet 25 of 37

Oct. 20, 2015

U.S. Patent

GZ'Old
(o= )

Ar

AN3IWdINDI
40 378V.L H1lvd 3Hg-"3.NI
40 NOISSINSNVHL 1$3anTaY (2
NOILVINJOSNI HLvd JHE

-43INI 40 JHE FLISOddO AJILON ()

>v
4031vdado

Hlvd ASANVLS
N 01 311S0dd0 3H4 S1

379vL H1Vd JHG-Y3LN! 138
NOILVINYOJNI LNIWIOVNYN
40 LINN ONIHOLINOW
Hlvd IHE-H3LINI S3I41LON
LINN LNJWIOVYNYIN HLVd

J1gv.L AV13A L3S
NOILYWHOSNI INTGWIOVYNVYIN 40
LINN TOYLNOD Av13d SHISILON

LINN INTWIOVYNYIW HLvd

J19vL ¥34SNYAL 138
NOILYWHOANI INSWIOVYNYW
40 LINN TOYINOD H1vd S3idILON
LINN INFWIOYNVIN Hivd

(3718vL INFWIDYNYIN 138)
LINN INTFWIADYNYIN
HLvYd NI HLvd S13S ¥01vy¥3d0o

1¥vis

904

G0.4

¥0.4

€044

[AVE |

1024



US 9,166,874 B2

Sheet 26 of 37

Oct. 20, 2015

U.S. Patent

9¢ Ol

aN3
7 Y

LINN INSWIOVYNYW HLvd
OL1 ONINYVM LINSNVYL

6084

HLvd 31vd

ITYANI

P

JONVHO 40 LINN ONIHOLINOW
HLiVd JHG-Y31NI ONV
‘LINN TOYLINOD AV13d "LINN
ANIWNIOVNYIN H1Vd A4LLON

I

SONILLES Hlvd
STAONVHO LINN TOULNCD Hlvd

L1 3HE
01 31034140 INVH4 1SIN0IY
YIJASNVYL ONILLINSNYYL
1HVLS ONV JLVHINIO

8084

81 "Old NI SV §388300¥d
JWYS IHL WHOd4H3d

olsd

A

¢HLVd 103"HH0D
WOYd d3AIZ03Y

A |

LANVHL

N

. 15303 ONIHOLMS
_

43av3aH
JNVYd d3AIFO3Y SIWYIANOD
LINN SISATYNVY d3aV3H

LINN NOILOVELXT
¥3Av3H NOYd ¥30vaH
JNVHd LNdNI JAIZO3H

LHVLS

L084

9084

G084

y084

€084

c084

1084



US 9,166,874 B2

Sheet 27 of 37

Oct. 20, 2015

U.S. Patent

LCOld

anN3

MOTd ONIQHVOIN
NOISSINSNYHL
TYNDIS INNSTY ¢eed
A
¢A31a1dNOD
N JONVHO HLvd Si
w\vmm 1264
Gn3n0) ¥343nd J A3IWNHOLYTd SI SNIHOLIMS Hivd
1NdLNO OL INvNA 1S3NDAM frmmmmmm e k
HIISNVAL HISNVAHL 1 1S3NO3Y ¥AISNwAL LVHL LINM| TOSLNOD AV3a ONY
T ! ON3S ALdWONd 19064 LINN INFWBOYNYIN HLYd AJLLON U
121 3Hg OL t___ONIQv3d LONYLSNI ___
Q3153910 3WVH4 1s3N03Y | 6063 I 37av1
HIJSNVYYL ILYHANIO 9064 HlVd 3HG-Y31INI OL 2064
\ MOT4 40 AYINIT gav
L L LR e L L D DL b B bl bl b Q
7 3Wvdd 1SIND3Y YIASNYHL . ~N
5064 A1VHANTO OL 1onyIsNt [* \\ Y ]
064 v WILSAS ASANVYLS OL '318vL
1INN NOILVY3N3D 1IN ONIYOLINOW
m IV U m 34OV €064  |H1ivd A9anvLs ONiS ¥3JSNYHL NI 438140830
40 1HVLS 40 AJILON S33SYd MOTd HOIHM Z064
) \ \ HONOYHL H1Vd 3DNVHO
0LY9 ‘0229 0074 1IN DNTJOLINOW _l
H1¥d IHE-H3IN| 153N034 NOILVIWIOANI HLIvd
0068 40 NOILd303H 40 S3IHILON 1064
LINN SISATYNY ¥3av3H
\D_z: O4LNOD _.E&U
001S



(8-dsT) S0TH

US 9,166,874 B2

4

peojied

»ld
o

Jopesp

(X-NVA) ¥OZH

8¢'Old

(o]

Tl 3Ha A9
211 3V OL A3UHIASNYHL
S| HOIHM 3NVYd vivd

(X-dS7) €0¢H

4

&

»

Sheet 28 of 37

peojAed

Lt

JopesH

(X~dST) 20ZH

»
<+

A

Oct. 20, 2015

pecjAed

»
»

4opesy

(X-NV7A) 10ZH

&

»

U.S. Patent

peojAed

0c00¥

4

<

Jopes

0100y

»
Jopeay

(18-Q)

L1 3HE AQ
¢l 3HG OL A3YIASNYEL
SIHOIEM JNVYL Y1va

(v-Q)
b2} IHE AG HEOMLIN

0O WO¥4 A3AIZ03H
S| HJIHM 3Wvdd viva

(A-NVIA)SOIH

4

JopesH

(I-dST) ¥OLH

o]

LZL IHE A HHOMISN

JHOD 01 A3dYIJISNYHL

SI HOHM 3NV V1V
(Z-dST) €0IH

(e¢g-n)

ald

JopesH |

(Z-dST) ¢0IH

4

»

JspesH

(I-dST) I01H

r

\\ peojARd
0z00¢e

Jopesy |

oLooe

JopesH

(a-n |-

2.1 3HA A8

LZ1 3HE O1 A3dH34SNVHL

SIHOIHM JWVYd vivd

(v-n)
2/} 3HE A8

Zl1 3V NO¥J GIAIF03Y

S HOIHM 3WvHd Viva



US 9,166,874 B2

Sheet 29 of 37

Oct. 20, 2015

U.S. Patent

6¢ Old

JsquinN

S43430 i Oan ardanw aouenbeg sge|d spoddo | “8A | 1IN
i A S A T
,,,,, 8001 L¥001 or00t Sv001 ¥¥001 €y001 27001 19004~~~

Ll
~—
~——
-

~-
-~
~—
-
-
~~

-
-
-—
-
-
-
-

peojieq sweid NVO

L

va

\)\

0v001

M LEOO!L

0c00!
¥3Aav3H S1dW

1oqe|

0¢00!

\,\

olool

00001




US 9,166,874 B2

Sheet 30 of 37

Oct. 20, 2015

U.S. Patent

29001

o

0€Old

T

s48430

NOILITdNOD
ONIHOLIMS
40 A4ILON

€)

mooo—\,\

s1830 1S3N0O3Y ¥IASNVAL

1S3N03H ONIHOLIMS

v

o

¢9001

r/

19001 .-

0ooot 0000€

¢000¢ 10002

speojAed 19410
!

ovoon_mun:m

InOC
/

s8ej4

Il

8poQdo

PLYN

g

]

1IN

\,\

09004

\,\

15001

\(

06001

\&

¥¥001

\,\

\,\

\,\

£500L  Z¥00l L¥0O4---""""

-
-
-
Pl
-
-
-

peojhed sweid NvO VS va
0v001 M“ 1001 0¢00t 0100t
0001  |eqe|
¥3avaH STdN




US 9,166,874 B2

Sheet 31 of 37

Oct. 20, 2015

U.S. Patent

swied} ‘hay
—pJEMIO

swel} ‘bey
~Buiyoums

FURTWOD) {1

-

00001

BuIT 55900y
€16
N /
09
J
A MHOMLIN AVITY
01
LY
(pe3eoldnp)
uo[308UU0vIeU]
06
v
_ (8) dHomisN a40Q 4 _ (V) ¥4omiap 840D A
0¢e (11 ¥4



US 9,166,874 B2

Sheet 32 of 37

Oct. 20, 2015

U.S. Patent

1-00009 -~ "=~ -=---
NOILITdNOD DNIHOLIMS WILSAS]

60LS

ceOld

40 AdILON ﬁzo_._b:m._.mz_ GZ_IO._._>>W\_ 20.S

INILSAS ONIONIS HSINIA

1
JIVIS ONIHOLIMS
WILSAS HSINIA Lois .

153N034 ONIHOLIMS

£0LS WILSAS ONICNIS LYVYLS
T
31V.LS UNTUVA NI
¢0LS ONIZE SV ININY3L3A
T
JWIL D14I103dS
LOLS ¥O04 IAIMHY LON 830d
JNVEd LYHL WNHINOD
AV ONIMDIHO
NOILOINNQD 40 INIOd INIL
NOLLYINY _n_zww IVARIYY VNI
00LS 3Ha

1l

1-0000G %"= &

NOLLITdNOD ONIHOLIMS NALSAS AHILON

NOILONYELSNI ONIHOLIMS
NJLSAS ONIONTS LEVLS

I
3LVIS ONIHOLIMS $0LS
WILSAS OL NOILISNVHL

R LA

Javed 1s3nday > H-£0008
DNIHOLIMS WILBAS

dHg
L~

H1Vd ONION3S
ANIH0 HOLIMS %0L8

-===""JNVH4 NOLLONYLSNI
ONIHOLIMS WILSAS

| ammemm T Y= 2-40002

T e
=== NN 110002

(owely WOD)IWVYHL DNMOIHO NOILIINNOD v

43}



US 9,166,874 B2

Sheet 33 of 37

Oct. 20, 2015

U.S. Patent

He
1ee 7 7
_ (8) MomiaN @4o) A 7 (v) YoMiaN o‘.oOL
0¢e Oie

aur] ssaooy

P

09

. MHOMLIN AVI3d

\\

ol

(pejed)jdnp)
LI0I308UUO0DISIU]

\

06



US 9,166,874 B2

Sheet 34 of 37

Oct. 20, 2015

U.S. Patent

ot

NOILD313S

v

NILSAS

\

¥4

W (V) YomiaN 840D _

\

o0iz

aur] sse0oyY

\

09

L MHOMLAN AV13d

A\

al

(pe3eoy|dnp)
COE.O@CCOOLOUC—

\

06



US 9,166,874 B2

Sheet 35 of 37

Oct. 20, 2015

U.S. Patent

1-£00¥¢

NOILONYLSNI ONIHOLIMS
_“_\,_m._.m..fm ONIGNIS HSINI \_ 0l01S
I
. FIVLS ONIHOLIMS
H WILSAS HSINI _ 6001S

A (

NOIISTdNOD ONIHOLINSG W3LSAS AdILON

20018 ALV.LS DNIHOLIMS WILSAS HSINIS ONV
‘@anNsIy Si NOLLJIO3Y 1vHL WHIANOD

INYHS NOLLONHLSNI ONIHOLIMS WILSAS] ...

ﬁ NOILONY1SNI ONIHOLIMS
cooﬁms_mkm\fw@z_azmmkmﬁm
_

ﬁ 31V1S ONIHOLIMS
GOD1S] WILSAS OL NOILISNVMHL

ANVEL ONIMOIHO
NOILOINNOD dO LNIOd 3WIL
NOLLYWYHIANOD TYAIHHY VNI

\

666S IHg

gLt

....................... | 2-hoove

..................... 1-100Y€
INvdd LeFnoy i
ONIHOLIMS WALSAS

J1V1S ONIHOLIMS
.voo—m_zm:.w>w0._.20_._._wz<m._.

ZO_._.ODm._.wz_OZ_Iotgw
£001S WILSAS ONIONIS Hm,q..rm\_
_

FLVLS 3uMivd
Z001S | NiONI3g SV ANINH3L3d
I
JWIL D1i03ds
1001S HO4 3AIYYY LON 8304
JNvEd LvHL WHIANOD

3He

/

all

Hivd ©

ANIAN HOLIMS L0015

ST 2-200vE
R E

000LS

TT6 HLvd

(pwey Woo) IV
INVES ONIHOFHO NOLLOANNOD \\

43!



US 9,166,874 B2

Sheet 36 of 37

Oct. 20, 2015

U.S. Patent

9¢'Old

80014

-200Ld

GooL4d

and
F N
HLVd H0 INIOd INIOd aN3 3LS0dd0
aN3 0L A31034Ia INVYL 0L @3Lo3yia WV
1S3N03Y ONIHOLIMS 1S3NDIY ONIHOLIMS
LIWSNVHL NV JLvH3INTO LINSNVHL ANV 3LYYINID
60014 _
A
¢H1vd
N 40 (d3W) LNIOd QN3
INIWJIND3 73S I
N |
" ¢3LVIMdOdddy
- T TVAYILNI 90014
\ TYAINYY JWVHS S
Al
< N SANVEL WOO
ALNVNYONEY NOILYOINNWNOD
40 LINN ONIYOLINOW H1Yd 3HS A _

“HILINI ANY ‘LINA TOYINOO AVTad
'LINN INIWIOVNYN H1Vd AJILON

LANANCINDI NE L3S

v00ld =

N HLYd NO 3Nvy3
/zo_Eo_z:s_s_oo sl
I

d3adv3H IRV
Q3AIZ03Y SWHIANOD
LINA SISATVNY ¥3AvIH

LINA NOILOVYLX3
¥3AVIH NOYL JIAVIH
JNVYEd LNdNIE INZOI

£0014

<0044

10014

ol

( 1yvis )




US 9,166,874 B2

Sheet 37 of 37

Oct. 20, 2015

U.S. Patent

JAYRDI =

anN3
A
A A g
faETRER E XS]

HOIHM WILSAS F1GVIIVAY 4O

(d43aw) LNIOd N3 01 @3103dIa

JNYHL 1STINDIY ONIHOLIMS _

LIWSNYYL ANV 31YH3aNIO 20114
_ LINN LINFWIOYNYW
HLYd OL ONINMYM
WILSAS dOLS NOILYDINNWNGD
FTEVIIVAY LO313S LINSNVHL S0L14
o0LLd 1 GoLLd 4
A LINN INTAIOVYNYIN
HlVd Ol ONINYYM dO1S
(NG IVAY
1V 40 SWILSAS / NOILYOINNWINOD LINSNVHL
ASANVLS ¥IHLO IuV N »
4 (d3m)
POLLd A H1lvd 40 (d3N
TTTOVIVAY LNININDT 3LISO4dO OL
N HLYd 40 NOLLYDI4ILON 1S3n03Y
WILSAS FAILOV SI ONIHOLIMS LINSNYML
eoLLd A

\ A WWEE
40 (d3) LNIOd ON3
N / IN3WAINDA 47138 SI

|

ATV
NOLLYOINNWWNOD
1031330

<04

LOLLd



US 9,166,874 B2

1
COMMUNICATION NETWORK SYSTEM
AND COMMUNICATION NETWORK
CONFIGURATION METHOD

TECHNICAL FIELD

The present invention relates to a communication network
system and a communication network configuration method.
The present invention relates particularly to a relay network
which accommodates a plurality of subscriber networks and
can connect the subscriber network to high-speed intercon-
nect networks of telecommunications carriers, or the sub-
scriber network to backbone networks of various service pro-
viders, information delivery service networks or other
subscriber networks such that subscribers enjoy a variety of
on-line services, and relates to means for improving commu-
nication reliability and quality in the relay network (a method
of communication path redundancy and path switching when
communication failures occur).

BACKGROUND ART

With the increase in demands for communication using
broadband, a user-oriented access line has been shifted to a
large capacity access line using an optical fiber instead of an
access technique which is based on a telephone line such as a
Digital Subscriber Line (DSL). Currently, a Passive Optical
Network (PON) system (hereinafter, referred to as a PON
simply, an optical passive network system, or a passive opti-
cal network system in some cases) is frequently used for an
access line service in terms of line construction costs and
maintenance and management costs. For example, standard-
ization in International Telecommunication Union Telecom-
munication Standardization Sector (ITU-T) is a representa-
tive example. The Western countries have started to introduce
Gigabit PON (GPON) since around 2006.

With the increase in opportunities for home users (commu-
nication service subscribers) to access the Internet and collect
information or use information services required for social
lives, there have been requests for preparation for communi-
cation networks, particularly, completion of access network
providing services which connect subscribers to communica-
tion networks. That is, carriers, which provide the communi-
cation networks, are required to increase capital for increas-
ing the number of users accommodated in each station along
with an increase in the number of users of access lines. In
order to increase the number of users, a method of addition-
ally introducing the PON or ofincreasing the number of users
accommodated in each PON system has been examined. In
relation thereto, next generation PON techniques called 10
Gigabit PON (10GPON) and 10 Gigabit Ethernet (registered
trademark) PON (10GEPON) have been examined as means
for performing transmission at a higher bit rate than in the
related art in I'TU-T and Institute of Electrical and Electronics
Engineers (IEEE).

The above-described subscriber accommodation equip-
ment is installed in a building of a communication carrier. In
order to relay a connection between a subscriber and an
opposite device (another user, a web server, or the like),
typically, there is a network configuration in which a signal
from a subscriber is input to a relay transmission network
(hereinafter, referred to as a relay network in some cases)
from the subscriber accommodate equipment, and, simulta-
neously, a signal is transferred in an opposite direction to the
signal, and thereby the user can obtain information. The relay
network is connected to provider networks or core networks,
and plays a role of distributing a user signal to one or more
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2

provider networks or core networks and transferring a signal
from the provider networks or the core networks to the user in
a reverse direction. This relay network is called an access
network or a backhaul.

Although a dedicated line service using an Asynchronous
Transfer Mode (ATM), frame relay, SONET/SDH, or the like
is frequently used for a user network in the related art,
recently, a low-priced packet communication network exem-
plified by Ethernet (registered trademark) has been frequently
used with an increasing request for cost reduction and the
progress of a communication technique and a device manu-
facturing technique which can handle expanded transmission
capacity. On the other hand, SONET/SDH is the mainstream
as a communication technique inside a core network, and
forms a large capacity and high reliability network in order to
transmit data which is collected via a plurality of access
networks.

In recent years, along with becoming widespread of the
Internet, a packet (or also referred to as a frame) communi-
cation technique exemplified by Ethernet (registered trade-
mark) and Multi Protocol Label Switching (MPLS) has pro-
gressed and attracted attention as a base technique for
forming a communication network. Features of the packet
network lie in ease of handling or reduction in development
(introduction) costs. In addition thereto, circumstances in
which a standard technique which targets a packet commu-
nication technique and is related to maintenance and manage-
ment is being established are main causes for the communi-
cation carriers to introduce and expand the packet
communication technique. Definition or the like of the above-
described maintenance and management function or a func-
tion of the packet communication network has been discussed
in the standardization groups such as ITU-T, IEEE, and The
Internet Engineering Task Force (IETF).

CITATION LIST
Patent Literature
Patent Literature 1: JP-A-2008-219496
SUMMARY OF INVENTION
Technical Problem

An object of the present invention is to provide a redun-
dancy method of a communication path for suppressing con-
sumption of network resources such as communication lines
or communication equipment (signal processing perfor-
mance) to the minimum in a relay network in a case of
performing redundancy of the communication path in order
to secure continuity of a communication service, in the relay
network (backhaul) which accommodates user sites and
access lines built by various communication techniques such
as wireless access, Ethernet (registered trademark), MPLS,
PON, MC, xDSL, ATM, and SONET/SDH and is used to
provide communication paths on which various services over
the Internet via an Internet Service Provider (ISP) network or
a core network can be used. Particularly, the relay network
(backhaul) has a function of linking a plurality of access lines,
and thus a topology of the paths gives one-to-multi connec-
tion. In relation to communication network redundancy (pro-
tection) in one-to-multi connection, for example, if the
related art disclosed in Patent Literature 1 or the like is used,
there is a means such as preparation of a set of standby tree
type communication networks; however, in this related art, a
main constituent is a means for securing a plurality of paths
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which have low possibility of actual use or of making only
some of the paths forming a tree redundant so as to be pro-
tected.

In light of the above-described problems, an object of the
present invention is to provide a redundant communication
network system and a communication network configuration
method capable of minimizing wasting of network resources
and protecting all tree type paths formed in a relay network.

Solution to Problem

In a communication system of the present invention, for
example, edge equipment included in a relay network is clas-
sified into two types. One is access line side edge equipment
(AE) that accommodates an access line, and the other is a
backhaul edge equipment (BHE) which provides communi-
cation means with an ISP network or a core network side (a
so-called WAN side). The BHE is located at the top of a tree
structure formed in a relay network, and includes communi-
cation paths with the plurality of AEs. In addition, the AE
includes a communication path for one or more BHEs, and
belongs to one or more trees. Each of the AE uses one of a
plurality of trees (BHE) to which the AE belongs as an active
system, and sets a priority for the other trees (BHE) which are
used as standby system paths. Further, there is provided an
intercommunication path for mutually transmitting and
receiving a signal between the BHEs each of which is a top of
the tree. When failures occur in the active system path in
certain AE, the standby system path (BHE) relays communi-
cation between the AE and the (active system) BHE so as to
secure continuity of communication. The intercommunica-
tion path through which a data signal does not flow in a
normal operation is used as a traffic accommodation path in
an emergency between the BHEs. By setting a bypass
between the tops of the trees, when a failure occurs in one tree,
a signal is transferred from the active system BHE to the
standby system path in which another BHE is a top so as to
build a sub-tree (hierarchical tree) bypassing the failure point
and to secure the communication path. The reason why a
plurality of BHEs are provided and the bypass between the
BHE:s is used is that, although a communication path is built
through connection between a plurality of management
domains in a typical communication network, in this case, a
method of monitoring the inside of the management domain
and a connection section between the domains is a basic
method in defining a responsibility dividing point. In other
words, this is because, even if a communication path inside
the management domain varies, the variation is confined in a
single management domain, and a specific device (or a spe-
cific interface) which provides an external interface does not
vary, which is a preferable form in terms of an operation (in
terms of connection contract between carriers).

According to the first solving means of the present inven-
tion, there is provided a communication network system, and
a communication network configuration method using the
communication network system comprising:

aplurality of edge equipments (AEs) on an access line side
that accommodate an access line; and

aplurality of backhaul edge equipments (BHEs) connected
to a network side,

wherein each of the BHEs

is located at a top of a tree structure formed in a relay
network including the plurality of AEs, and includes commu-
nication paths with the plurality of AEs;

includes an intercommunication path through which a data
signal does not flow in a normal operation and a data signal is
mutually transmitted and received as a traffic accommodation
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path in an emergency between each of the plurality of BHEs,
each of which is a top of the tree structure; and

includes a BHE transfer table which stores in advance a
correlation between an input communication path and an
output communication path, and an inter-BHE path table
which stores in advance a correlation between an input com-
munication path and an output communication path in the
intercommunication path,

wherein each of the plurality of AEs

has communication paths for the plurality of BHEs, and is
connected to the plurality of BHEs in advance via paths
independent from one another;

sets an active system path for one of the plurality of BHEs
which are tops of a plurality of tree structures to which the self
AE belongs, and sets a standby system path for one or a
plurality of BHEs among the other BHESs;

wherein

the AE, in a normal operation state, receives data commu-
nication from a first BHE, and periodically receives a con-
nection checking frame for checking normality of a commu-
nication path in order to monitor communication
circumstances of a first communication path between the AE
and the first BHE;

the AE determines that a failure occurs in the first commu-
nication path when a subsequent connection checking frame
is not received until a specific time has elapsed; and

the AE sends a path switching request frame to a second
BHE using a second communication path with the second
BHE in which abnormality is not recognized on the commu-
nication path,

wherein,

when the second BHE receives the path switching request
frame transmitted by the AE,

the second BHE recognizes that some sort of problem
which disrupts continuous communication between the AE
and the first BHE occurs;

the second BHE makes the second communication path
connected between the AE and the second BHE valid as a
main signal path in a second BHE transfer table in the second
BHE, sets a communication path directed to the AE using the
intercommunication path connecting the first BHE and the
second BHE for a downlink signal to the AE, and changes
settings so as to set a transmission path by the intercommu-
nication path for an uplink signal from the AE; and

the second BHE further transmits a transfer request frame
for accommodating communication which is directed to the
AE from the first BHE in the intercommunication path, to the
first BHE,

wherein,

when the first BHE receives the transfer request frame from
the second BHE, the first BHE changes settings in the first
BHE transfer table in the first BHE so as to switch a path,
which receives an uplink signal from the AE, from the first
communication path to the intercommunication path; and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed to
the AE received from the network to the intercommunication
path, in relation to the downlink signal to the AE which has
been transferred using the first communication path connect-
ing the first BHE to the AE, and

wherein a sub-tree having a sub-tree structure in which the
second BHE of a standby system by passing a failure point is
placed as a top is built under the first BHE of an active system,
and communication between the AE and the first BHE of the
active system is relayed by a standby system path via the
second BHE of the standby system.
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According to the second solving means of the present
invention, there is provided a communication network sys-
tem, and a communication network configuration method
using the communication network system comprising:

aplurality of edge equipments (AEs) on an access line side
that accommodate an access line; and

aplurality of backhaul edge equipments (BHEs) connected
to a network side,

wherein each of the BHEs

is located at a top of a tree structure formed in a relay
network including the plurality of AEs, and includes commu-
nication paths with the plurality of AEs;

includes an intercommunication path through which a data
signal does not flow in a normal operation and a data signal is
mutually transmitted and received as a traffic accommodation
path in an emergency between each of the plurality of BHEs,
each of which is a top of the tree structure; and

includes a BHE transfer table which stores in advance a
correlation between an input communication path and an
output communication path, and an inter-BHE path table
which stores in advance a correlation between an input com-
munication path and an output communication path in the
intercommunication path,

wherein each of the plurality of AFs

has communication paths for the plurality of BHEs, and is
connected to the plurality of BHEs in advance via paths
independent from one another;

includes an AE transfer table which stores in advance a
correlation between an input communication path and an
output communication path, sets an active system path for one
of the plurality of BHEs which are tops of a plurality of tree
structures to which the self AE belongs, and sets a standby
system path for one or a plurality of BHEs among the other
BHEs;

wherein

a first BHE, in a normal operation state, receives data
communication from the AE, and periodically receives a con-
nection checking frame for checking normality of a commu-
nication path in order to monitor communication circum-
stances of a first communication path between the AE and the
first BHE;

the first BHE determines that a failure occurs in the first
communication path when a subsequent connection checking
frame is not received until a specific time has elapsed; and

the first BHE sends a transfer request frame to the second
BHE using an intercommunication path connected to the
second BHE,

wherein,

when the second BHE receives the transfer request frame
transmitted by the first SHE,

the second BHE recognizes that some sort of problem
which disrupts continuous communication between the AE
and the first BHE occurs;

the second BHE makes the second communication path
connected between the AE and the second BHE valid as a
main signal path in a second BHE transfer table in the second
BHE, sets a communication path directed to the AE using the
intercommunication path connecting the first BHE and the
second BHE for a downlink signal to the AE, and changes
settings so as to set a transmission path by the intercommu-
nication path for an uplink signal from the AE; and

the second BHE further sends a switching instruction
frame to the AE so as to switch an uplink signal sending path
from the first communication path to a second communica-
tion path with the second BHE, in which abnormality is not
recognized on the communication path, and
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wherein the AE changes settings in the AE transfer table so
as to switch an uplink signal sending path from the first
communication path to the second communication path with
the second BHE, in which abnormality is not recognized on
the communication path, when the switching instruction
frame is received, and

wherein,

on the other hand, the first BHE changes settings in the first
BHE transfer table in the first BHE so as to switch a path,
which receives an uplink signal from the AE, from the first
communication path to the intercommunication path; and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed to
the AE received from the network to the intercommunication
path, in relation to the downlink signal to the AE which has
been transferred using the first communication path connect-
ing the first BHE to the AE, and

wherein a sub-tree having a sub-tree structure in which the
second BHE of a standby system by passing a failure point is
placed as a top is built under the first BHE of an active system,
and communication between the AE and the first BHE of the
active system is relayed by a standby system path via the
second BHE of the standby system.

Further, according to the present invention, it is possible to
provide a communication network system, and a communi-
cation network configuration method using the communica-
tion network system, according to the above-mentioned com-
munication network system and the above-mentioned
communication network configuration method,

wherein, in a case where the AE has already been con-
nected to the first BHE via the second communication path
and the second BHE due to a failure regarding the first com-
munication path connecting the AE to the first BHE,

when the second BHE detects a failure regarding the sec-
ond communication path according to stop of periodical
reception of a connection checking frame which is transmit-
ted from the AE to the second BHE,

the second BHE sends a switching request frame to the
third BHE using the intercommunication path,

wherein,

when the third BHE receives the switching request frame
transmitted by the second BHE,

the third BHE recognizes that some sort of problem which
disrupts continuous communication between the AE and the
second BHE occurs;

the third BHE makes the third communication path con-
nected between the AE and the third BHE valid as a main
signal path in a third BHE transfer table in the third BHE, sets
a communication path directed to the AE using the intercom-
munication path connecting the first BHE and the third BHE
for a downlink signal to the AE, and changes settings so as to
set a transmission path by the intercommunication path for an
uplink signal from the AE; and

the third BHE further sends a switching instruction frame
to the AE so as to switch an uplink signal sending path from
the first communication path to a third communication path
with the third BHE, in which abnormality is not recognized
on the communication path, and

wherein the AE changes settings in the AE transfer table so
as to switch an uplink signal sending path from the first
communication path to the second communication path with
the second BHE, in which abnormality is not recognized on
the communication path, when the switching instruction
frame is received, and

wherein,

on the other hand, the first BHE changes settings in the first
BHE transfer table in the first BHE so as to switch a path,
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which receives an uplink signal from the AE to the intercom-
munication path connected to the third BHE; and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed to
the AE received from the network to the intercommunication
path connected to the third BHE, in relation to the downlink
signal to the AE, and

wherein a sub-tree having a sub-tree structure in which the
third BHE of a standby system by passing a failure point is
placed as a top is built under the first BHE of an active system,
and communication between the AE and the first BHE of the
active system is relayed by a standby system path via the third
BHE of the standby system.

Advantageous Effects of Invention

According to the present invention, in the relay network
collecting access lines, an intercommunication path between
BHESs which provides a WAN side interface is used for path
protection when failures occur. The BHE is a collection point
of communication in the relay network, and thus failures in an
important communication path can be grasped in this collec-
tion point (BHE). A bypass is provided between the BHEs by
using this feature, and thereby it is possible to promptly
handle (change a communication path) communication fail-
ures which have occurred in the relay network. In addition,
communication circumstances between the collection point
and a plurality of AEs are monitored in each communication
path, and thereby there is an effect of preventing influence of
failures in some communication paths from being exerted on
the overall relay network. For example, when a failure is
detected in a certain AE, the above-described sub-tree con-
figuration is applied to the AE only, and thus only a signal
addressed to the AE flows through the bypass between the
BHE:s. Therefore, it is possible to prevent extra instantaneous
communication interruption in communication between AE
in which there is no extra load on the bypass or failure and
BHE. In addition, in the present invention, only the bypass
between BHE:s is a standby system path which is not used for
anormal operation, and thus it is not necessary to make all the
trees redundant unlike in the related art, and it is possible to
efficiently distribute resources. Further, since almost overall
communication in the relay network can be protected, it is
possible to satisfy a plurality of requests together which are
contradictory to the concept in the related art in one-to-multi
communication.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows an example of the configuration diagram of a
communication network using a relay network (backhaul) for
accommodating access lines.

FIG. 2 shows the enlarged relay network 10 of FIG. 1 and
is a network configuration diagram illustrating an example in
which lines and equipments are disposed in the relay network
10.

FIG. 3 is a communication path configuration diagram
illustrating a path switching method in a case where connec-
tivity is not confirmed in the communication circumstances
checking process described in FIG. 2.

FIG. 4 is a communication path configuration diagram
illustrating a standby system path configuration method in a
case where connectivity is not confirmed in the communica-
tion circumstances checking process described in FIG. 2.

FIG. 5 is a sequence diagram illustrating a flow of pro-
cesses related to path switching between AE 112 and BHE
172 in the network configuration diagram of FIG. 3.
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FIG. 6 is a sequence diagram illustrating a flow of pro-
cesses different from FIG. 5, related to path switching
between the AE 112 and the BHE 172 in the network con-
figuration diagram of FIG. 3.

FIG. 7 is a sequence diagram illustrating a flow of pro-
cesses related to a transfer path resetting process between
BHE 171 and BHE 172 in the sequence diagram of FIG. 6.

FIG. 8 is a sequence diagram illustrating a flow of pro-
cesses different from FIG. 7, related to a transfer path reset-
ting process between the BHE 171 and the BHE 172 in the
sequence diagram of FIG. 6.

FIG. 9 is a sequence diagram illustrating path setting
change procedures of the BHE 171 in the path switching
process shown in FIGS. 5 to 8.

FIG. 10 is a block configuration diagram illustrating a
configuration example of the user side edge equipment AE of
the relay network 10 which accommodates access lines.

FIG. 11 is an explanatory diagram illustrating a configura-
tion example of the transfer table 1110 of a reception signal
held by a path control unit 1100 of AE 112 of FIG. 10.

FIG. 12 is an explanatory diagram illustrating a configura-
tion example (A) of the management table 1310 held by a path
management unit 1300 forming a controller 1000 of the AE
112.

FIG. 13 is an explanatory diagram illustrating another con-
figuration example (B) of the management table 1310 held by
the path management unit 1300 forming the controller 1000
of the AE 112.

FIG. 14 is a configuration example of the delay table 1210
held by a delay control unit 1200 forming the controller 1000
of the AE 112.

FIG. 15 is an explanatory diagram illustrating a mutual
relationship among the respective management tables shown
in FIGS. 11 to 14.

FIG. 16 is a flowchart illustrating a flow of processes
related to setting path information in the AE 112.

FIG. 17 is a flowchart illustrating processes related to a
path monitoring frame (a CCM frame) in a header analysis
unit 2260 of the AE 112.

FIG. 18 is a flowchart illustrating process procedures of a
user data frame in the header analysis unit 2260 ofthe AE 112.

FIG. 19 is a flowchart regarding an information process of
the path monitoring frame (CCM frame) in a failure monitor-
ing unit 1400 of the AE 112.

FIG. 20 is a flowchart illustrating process procedures
related to transfer of a received frame in the delay control unit
1200 of the AE 112.

FIG. 21 is a block configuration diagram illustrating a
configuration example of ISP network/core network side
edge equipment BHE of the relay network 10 which accom-
modates access lines.

FIG. 22 is a table configuration diagram illustrating a con-
figuration example of the inter-BHE path table 5510 in the
functional block of the BHE 172 of FIG. 20.

FIG. 23 is an explanatory diagram illustrating a configura-
tion example (A) of the management table 5310 held by a path
management unit 5300 in a controller 5000 of the BHE 172
(FIG. 20).

FIG. 24 is an explanatory diagram illustrating a configura-
tion example (B) of the management table 5310 held by the
path management unit 5300 in the controller 5000 ofthe BHE
172.

FIG. 25 is a flowchart illustrating a flow of processes
related to setting path information in the BHE 172.

FIG. 26 is a flowchart illustrating process procedures when
a path switching request 20001 is received by a header analy-
sis unit 6260 of the BHE 172.
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FIG. 27 is a flowchart illustrating procedures of the path
switching process when a path switching request frame is
received by the CTR 5000 of the BHE 172.

FIG. 28 is a signal configuration diagram illustrating a
configuration example of the frame used for communication
between the BHE 172 and the BHE 171 when using a standby
path 970.

FIG. 29 is a signal configuration diagram illustrating a
configuration example of the CCM frame.

FIG. 30 is a signal configuration diagram illustrating a
configuration example of the switching request frame 20001,
transfer request frame 20002, and process completion notifi-
cation (ACK) frames 30000 and 40000.

FIG. 31 is a network configuration diagram illustrating a
path switching method in a case where failures in uplink
communication are recognized from arrival circumstances of
a CCM signal when the BHE 171 monitors a CCM frame
from the AE 112.

FIG. 32 is a sequence diagram illustrating a flow of a path
switching process in a second embodiment.

FIG. 33 is a network configuration diagram illustrating a
state in which three or more relay network edge equipment
BHESs on the core networks 210 and 220 side are connected to
a single access side edge equipment AE in the relay network
10 of FIG. 1.

FIG. 34 is a communication path configuration diagram
illustrating a standby system path configuration method in a
case where connectivity is not confirmed due to a second
failure 300-2 in the communication circumstances checking
process described in FIG. 32.

FIG. 35 is a sequence diagram illustrating a flow of a path
switching process in the path configuration example of FIGS.
33 and 34.

FIG. 36 is a flowchart illustrating process procedures when
a data frame or a control (for example, CCM) frame is
received by a header analysis unit 6260 of the BHE 172.

FIG. 37 is a flowchart illustrating procedures of a path
switching process in the path control unit when the BHE 172
detects the failure 300-2.

DESCRIPTION OF EMBODIMENTS

A. First Embodiment

1. System

1-1. System Configuration

FIG. 1 shows a network configuration which is assumed in
the present embodiment. This figure shows a configuration
example of the communication network using a relay network
(backhaul) for accommodating access lines. The network
configuration using the relay network 10 is a general configu-
ration in a communication carrier network which accommo-
dates an access line 60 which connects a base station for
mobile service to a carrier building, or a user site to the carrier
building. A scheme of realizing the access line 60 includes
PON, Media Converter (MC), and wireless access. The PON
system is constituted by optical fibers 631, 632, 633 and 634
and an optical splitter 630. In this figure, Access Edge Equip-
ment (AE) 113 is PON subscriber accommodation equip-
ment, and Network Terminals (NTs) 421 and 431 correspond
to subscriber devices. The NTs 411, 421 and 431 are line
collecting devices in user networks, for respectively connect-
ing a user network 410, a user network 420, and other user
networks to the relay network 10. The optical fiber 631 form-
ing the PON is referred to as a line collecting optical fiber, and
the optical fibers 632 to 634 are referred to as branch line
optical fibers. The MC is a communication form used for
connection of an optical fiber in one-to-one type, and this
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figure shows a state in which AE 112 and the NT 411 are
connected to each other with the MC technique as an example
(the line 621 is an optical fiber). The wireless access is a
communication scheme for connecting wireless base stations
(BSs) 311 and 321 which are connected to the AE 111 via the
lines 611 and 612, to the user network or user terminals 310
and 320, in this figure. An access function for accommodating
the user network 310 including the BSs 311 and 321 or the
user terminal 320 is referred to as a wireless access site (Cell
Site) 800. In the wireless access site 800, various communi-
cation schemes using a metal line or an optical fiber are used
as connection schemes of the AE 111 and the BSs 311 and
321, and, in recent years, a scheme of accommodating a
plurality of BSs using the PON system has started to be
introduced. In this figure, lines connected to the AEs 111, 112,
113 and 121 are collectively referred to as the access lines 60.

In addition, this figure shows core networks 210 and 220.
In the present embodiment, core network edge equipments
(CoRe Edge Equipment (CRE)) 211 and 221 provide connec-
tion points to different Internet Service Providers (ISPs), the
edge equipments 211 and 221 do not perform intercommu-
nication. This is because whether or not direct signal trans-
mission and reception between the edge equipments are per-
formed does not influence implementing the present
invention and the present embodiment. In description of a
path protection operation of the communication system of the
present embodiment, a network configuration as simple as
possible is assumed. Further, there may be another core net-
work, and, there is CRE 231 as an example thereof in this
figure. In addition, a network configuration example is shown
in a case where connection between still another core network
(not shown) and the relay network 10 (via the BHE 171 or
172) or a relay network 20 (via BHE 181) is performed.

There is a use of the relay network (an access network or
backhaul) 10 which accommodates the access line 60 and is
used to relay communication between the user networks 310,
320, 410 and 420 and the core networks 210 and 220. The
relay network 10 has an access line accommodation function
and a function of connection to the core network in order to
provide the above-described relay function. In addition, the
relay network has a function of connecting the user networks
(including company sites; general users using the communi-
cation network in this configuration of the figure and users on
business are hereinafter collectively referred to as users) col-
lected in the access line accommodation equipment AEs 111
to 113 and 121, to edge equipments (Backhaul Edge Equip-
ment (BHE)) 171, 172 and 181 which provide core network
side interfaces. A specific example of the line collecting func-
tion will be described with reference to this figure. The BHE
171 has a function of temporarily collecting communication
signals from the access lines accommodated by the AEs 111,
112 and 113 before being transferred to the core networks 210
and 220, selecting a necessary transfer destination (core net-
work), and transferring the signals to the core network side
edge equipment CREs 211, 221 and 231. The BHE 172 also
accommodates communication with the user networks col-
lected in the same AEs 111 to 113 via the access line 60. In
other words, the user networks are collected in the AEs 111 to
113 via the access lines, and communication with the core
networks 210 and 220 from the AEs 111 to 113 via the relay
network 10 is collected in the core network side edge equip-
ment BHEs 171 and 172 of the relay network 10. As such, the
communication with the core network via the relay network
10 has a tree structure in which the BHEs 171 and 172 are
some tops. The CRE 231, the BHE 181, and the AE 121 also
have the same function, the access lines 60 accommodated in
the AE 121 are collected in the BHE 181 in the tree structure,
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and thus communication with the core network side edge
equipment CRE 231 can be performed. Hereinafter, the relay
network 20 is assumed to have a function equivalent to the
relay network 10, and thus description of the relay network 10
is also applied to the relay network 20. This figure is aimed at
showing communication with a plurality of core networks
including the core networks 210 and 220 from the relay
network 20 as well, and the relay network 10 is a target of
description since a function unique to only the relay network
20 is not particularly necessary in the present embodiment.

In the relay network 10, the BHEs 171 and 172 accommo-
date respectively the same AEs 111, 112 and 113 in building
a tree structure in which the BHE is a top. In other words,
when viewed from the AEs 111, 112 and 113, there are
communication paths of two directions from the AE to the
BHE. In this configuration, the AEs 111, 112 and 113 belong
to both of two tree type communication paths in which the
BHEs 171 and 172 are tops. The BHEs 171 and 172 maintain
communication paths with the core networks which can be
connected by the interconnection 90 with the core networks,
and thus the AEs 111 to 113 can communicate with the core
networks via any of the BHE (171 or 172). Although it is
assumed that there are lines for connection between the BHE
171 and the CRE 231, the BHE 181 and the CRE 211, they are
not shown for easy view.

The relay network 10 is realized using a packet communi-
cation technique. The packet communication technique may
employ Ethernet (registered trademark), MPLS, or the like. In
the present embodiment, maintenance and management of a
transfer network is preferentially taken into consideration,
and a case where the relay network 10 is formed using the
MPLS technique is assumed. In addition, operations and
effects of the present invention and the present embodiment
are not limited to a case of employing an MPLS protocol, and
can also be realized using an Ethernet (registered trademark)
line or a Virtual LAN (VLAN) which is a logical line thereof.
In the present embodiment, a maintenance and management
(OAM) function which can be applied to a communication
path is provided, and the operations and the effects can be
realized using all communication techniques having an OAM
function equivalent to the OAM function described below.

As described above, the AEs 111 to 113 may be connected
to the core network via either of the BHEs 171 and 172 in this
configuration example. In this figure (FIG. 1), it is assumed
that, in a normal operation state, the AEs 111 and 112 perform
communication with the core network via the BHE 171, and
the AE 113 is in a state of being capable of communicating
with the core network through connection to the BHE 172. To
differently use the BHEs 171 and 172 is aimed at reducing an
equipment load on the BHE. Since both the BHEs 171 and
172 play a role of collecting signals from users and distribut-
ing the signals to the core networks 210 and 220, they are
required to work always at a high load. For this reason, it is
generally desirable to differently use a plurality of BHEs. Of
course, in a case where the BHE can be expected to have a
sufficient process performance, for example, only the BHE
171 can process whole communication of the AEs 111 to 113.
In this case, the BHE 172 stands by as a standby system, and
is used as replacement equipment when the BHE 171 breaks
down or a failure occurs in communication between the AEs
111, 112 and 113 and the BHE 171.

Hereinafter, a connection relationship inside the relay net-
work 10 will be described in the network configuration
example of this figure. The relay network 10 is formed by
combining a plurality of transmission equipments. In lines
911, 912, 921, 922, 931 and 932 which connect the AEs 111
to 113 and the BHEs 171 and 172, the AE may be directly
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connected to the BHE, and or one or more communication
equipments (or also referred to as relay equipment which is
not shown) may be present between the AE and the BHE.
Therefore, the lines 911, 912, 921, 922, 931 and 932 may
indicate physical layer links and may indicate logical connec-
tion passing through a plurality of relay equipments. Herein-
after, they are not particularly differentiated from each other
and are referred to as lines.

Now, itis assumed that the AEs 111 and 112 belong to atree
of'the BHE 171. In other words, the AEs 111 and 112 perform
communication with the BHE 171 using the lines 911 and
921. In addition, the AE 113 performs communication with
the BHE 172 using the line 932. Further, the lines 912, 922
and 931 which are not used for the operation are lines used in
an emergency when communication failures occur inside the
relay network 10 or delay is expanded due to congestion, or
when equipment failures occur in the BHE 171 or the BHE
172 or a load increases.

Next, a description will be made of a line configuration
example between the relay network 10 and the core networks
210 and 220. In this figure, the BHE 171 and the CREs 211
and 221 are respectively connected to the lines 711 and 712.
Here, it is assumed that a configuration method of the inter-
connection 90 mainly employs connection using a physical
line. A practical operation configuration may be a configura-
tion in which logical lines such as a plurality of VLLANG,
MPLS paths or Pseudo Wires (PWs) are multiplexed on a
physical line, but a line used for connection between the BHE
and the CRE is generally directly connected thereto, and the
configuration example of this figure indicates a connection
relationship of such a line. Similarly, the BHE 172 is con-
nected to the CREs 211, 221 and 231 via the lines 721, 722
and 723, respectively. In addition, the BHE 181 is connected
to the CREs 221 and 231 via the lines 732 and 733, respec-
tively. Communication circumstances regarding the BHE 171
and the BHE 172 of interest in the configuration example of
this figure are acquired. The BHE 171 relays communication
with the CREs 211 and 221 from the AEs 111 and 112, and
thus distributes a signal from the AE 111 or the AE 112 to the
CRE 211 or the CRE 221 based on destination information of
the signal. In communication in a reverse direction, a signal
from the CRE 211 or the CRE 221 is distributed to the AE 111
or the AE 112 based on destination information of the signal.
This is also the same for the BHE 172 which distributes
communication from the AE 113 to the CREs 211, 221 and
231 and also transfers a signal from the CREs 211, 221 and
231 to the AE 113. As described above, all the lines are used
to transmit signals in the interconnection 90 at all times.

In the relay network 10, the AEs 111 to 113 can select any
one from a plurality of paths (here, two paths) when commu-
nication to the core networks 210 and 220 is performed. To
use either one path is aimed at reducing extra signal processes
in order to make valid a transmission capacity of the relay
network 10 which is a packet communication network to the
maximum. For this reason, the AEs 111 to 113 are respec-
tively provided with databases (hereinafter, the database is
also referred to as a DB) 511, 512 and 513 for path selection
(system selection). For the above-described reason, these
databases are updated using variations in signal process cir-
cumstances in the relay network or the BHE as triggers and
are operated such that a communication service which is
currently provided to a user does not stop to the extent pos-
sible. On the other hand, the BHEs 171, 172 and 181 are
provided with failure management DBs (571, 572 and 581).
These DBs are used to monitor whether or not communica-
tion circumstances of one or more AEs connected to each
BHE and a communication state in the lines (the interconnec-



US 9,166,874 B2

13

tion 90) for transferring a signal from the BHE to the core
network are normal, and to determine whether or not to
change transmission paths from the BHE to the core networks
210 and 220 or communication paths from the BHE to the
AEs 111 to 113. These DBs periodically monitor a commu-
nication state in each line and hold records regarding whether
or not a physical connection state of the line is normal, or
variations in a communication performance due to conges-
tion or the like, in order to perform the above-described
determination.

FIG. 2 shows the enlarged relay network 10 of FIG. 1 and
is a network configuration diagram illustrating an example in
which lines and equipments are disposed in the relay network
10. With reference to this figure, a description will be made of
a maintenance and management method in the relay network
in the configuration of FIG. 1. Each path is set to be identified
independently in the relay network 10 by an identifier (label)
of Label Switched Path (LSP) provided in a SIMM header of
the MPLS.

In the paths 911, 912, 921, 922, 931 and 932 formed in the
relay network 10, a Continuity Check Message (CCM) frame
is periodically transmitted in order to check normality of the
packet communication path, and it is checked whether or not
transmission and reception are performed as set by an admin-
istrator (as expected). The CCM frame is also referred to as a
Continuity Check (CC) message or a Connectivity Verifica-
tion (CV) frame. In the present embodiment, the name for a
frame for checking communication normality is unified to a
CCM frame. The CCM frame 10000 is periodically issued
from equipment which is an end point of each path, and
opposite terminal end equipment confirms arrival of the CCM
frame. When the arrival can be confirmed, an arrival time
point and an arrival interval are further confirmed, and it is
determined whether or not a communication performance of
the line is maintained.

This figure shows a communication state management
method of a triangular path formed by the AE 112 and the
BHEs 171 and 172 in order to show a state in which the CCM
frame 10000 is transmitted and received. Here, the AE 112 is
described as a representative example, and a transmission and
reception method of the CCM frame to and from the BHEs
171 and 172 is also the same for the AEs 111 to 113. Here-
inafter, attention is paid to a signal process in communication
between the AE 112 and the BHEs 171 and 172, and this will
be described as a representative example.

In the MPLS (Ethernet (registered trademark) OAM regu-
lations: the same process is performed even using ITU-T
Recommendation Y.1731), a communication direction is
clearly differentiated. In a case of the MPLS, the identity of a
flow is verified based on a combination of an input interface
identifier and an input label value by using a table held in a
transfer table (FIG. 10: 1110) provided in the communication
equipment. Similarly, a flow is identified based on a combi-
nation of an output interface identifier and an output label
value. Therefore, the relay equipment in the relay network 10
holds the transfer table (FIG. 10: 1110) in which an input flow
which can be verified from an input interface identifier and an
input label value is correlated with an output interface iden-
tifier and an output label value for outputting the flow. Thus,
for example, there is a possibility that a communication signal
(including the CCM frame) from the AE 112 to the BHE 171
and a communication signal (including the CCM frame) from
the BHE 171 to the AE 112 may pass through the same
physical line, and there is a possibility that the signals may
pass through paths (physically) different from each other and
be transmitted and received in a case where a plurality of
physical lines are installed. The present invention and the
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present embodiment are not required to be limited to any
configuration. In any case, a transmission side may send the
CCM frame at a constant transmission interval, and a recep-
tion side may check whether or not the frame is received at a
normal time interval. In addition, in order to clearly show an
operation (a difference in replacement path configuration
methods due to the failure circumstances when communica-
tion failures occur) to which the present invention and the
present embodiment are applied, a case where physical lines
are different depending on a communication direction will be
described as an example in the present embodiment.

The same process as in a case of the AE 112 and the BHE
171 is also performed in a checking process of communica-
tion circumstances of the line 922 connecting the AE 112 to
the BHE 172. In addition, the same process is also performed
in a communication checking process ofthe line 970 connect-
ing the BHE 171 to the BHE 172. In the former case, a
transmission end and a reception end of the CCM frame are
respectively the AE 112 and the BHE 172, and the BHE 172
and the AE 112 in a reverse direction. In the latter case, a
transmission end and a reception end of the CCM frame are
respectively the BHE 171 and the BHE 172. In communica-
tion in a reverse direction, a transmission end and a reception
end are respectively the BHE 172 and the BHE 171.

As described above, by periodically confirming communi-
cation circumstances in the sections connecting the AEs 111
to 113 to the BHEs 171 and 172 respectively, it is possible to
check continuity of communication in each communication
section. In a case where delivery of the CCM frame is not
confirmed (normal reception (an arrival time point and an
arrival interval expected in normal operation) of the CCM
frame cannot be confirmed), it is considered that some sort of
abnormality occurs in a line on the communication path or the
relay equipment in a section of transmission and reception of
the CCM frame and a communication direction thereof. This
abnormality indicates, inmost cases, an increase in processed
loads in the relay equipment due to traffic concentration, an
abnormal operation (or break-down) of a communication
function of the relay equipment, or abnormality (disconnec-
tion of the optical fiber or poor connection state/contact
between the relay equipment interface and the line) of a
communication line connecting relay equipments to one
another. Therefore, it is necessary to take a measure (path
switching) for securing a path which can perform communi-
cation in a step in which transmission abnormality of the
CCM frame is confirmed.

FIG. 3 is a communication path configuration diagram
illustrating a path switching method in a case where connec-
tivity is not confirmed in the communication circumstances
checking process described in FIG. 2.

In this figure, a case is assumed in which a path failure 300
influences both the line from the AE 111 to the BHE 171 and
the line in the reverse direction. Generally, a plurality of
communication media (for example, there is a cable using a
copper line or an optical fiber) in which communication
directions are different. Therefore, in a physically abnormal
state such as line disconnection, communication in both
directions is influenced. In addition, if the path failure 300 is
congestion (a rapid increase in signal process load) in the
relay equipment (not shown) or equipment break-down, it
also disrupts the communication in both directions.

Due to the path failure 300, transmission and reception of
CCM frames 9211 and 9212 cannot be performed between
the AE 112 and the BHE 171. The path failure 300 can be
detected from the fact that periodical reception of the CCM
frame which is transmitted from the BHE 171 stops in the AE
112. In the BHE 171, the path failure is detected in the same
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manner based on a phenomenon in which the CCM frame
received from the AE 112 stops. Through this detection, both
the AE 112 and the BHE 171 determine that continuous
communication in the path 921 is difficult. As a result, the
equipments 112 and 171 of both ends start switching to
replacement paths in each communication direction.

When the AE 112 detects the path failure 300, the AE
recognizes the danger in which a signal to be received thereby
does not arrive. Then, the AE 112 requests the BHE 172 to
relay communication with the BHE 171 by using a replace-
ment system path (accurately, a part thereof) 922 which is set
in advance. Here, a switching request frame 20001 is used. A
configuration example of the switching request frame 20001
will be described in detail with reference to FIG. 29. When the
request is received, the BHE 172 requests the BHE 171 to
switch a transfer path which is directed to the AE (here, the
AE 112). That is, a change in signal distribution settings is
requested so as to send information directed to the AE 112 to
the BHE 172 using the standby path 970. A request signal
(transfer request frame) 20002 used here is a control frame
different from the CCM frame 10000. A configuration
example of the transfer request frame 20002 will be described
in detail with reference to FIG. 29.

FIG. 4 is a communication path configuration diagram
illustrating a standby system path configuration method in a
case where continuity is not confirmed in the communication
circumstances checking process described in FIG. 2. As
described in FIG. 2, a path configuration example of a case
where an abnormal state (or an abnormal operation) at the
time of delivery of the CCM frame 10000 is detected is
shown. With reference to this figure, a description will be
made of a communication path configuration method in a
state in which the path failure 300 occurs in any location on
the communication path 921. This figure shows a replace-
ment system (standby system) path in which a signal output
from the AE 112 arrives at the BHE 171 via the BHE 172, as
a communication path after the switching.

A feature different from the existing switching method (for
example, PTL 1 or ITU-T recommendation G.8031) lies in
that the BHE 172 is a relay point of the switching request
signal and communication after a path is changed. In other
words, the tree type communication network in which the
BHE 172 is a top forms a sub-tree when viewed from the BHE
171, and further has a configuration in which the BHE 171 is
added in addition to the CREs 211 and 221 as high rank
equipment of the BHE 172 when viewed from the BHE 172.
This feature is derived from a configuration in which (1) the
BHEs 171 and 172 are communication relay (collection)
equipment having an equivalent function, and (2) all the AEs
111 to 113 are connected to the BHEs 171 and 172 in advance
via paths which are independent from one another. From the
feature of (1), by changing the connection relationship
between the BHEs 171 and 172, the AEs 111 to 113 can come
and go in a single hierarchical tree. Further, the communica-
tion path between the BHESs is used for data communication
as a bypass path, and thereby a form of the communication
network is changed to a multi-hierarchical tree of two or more
hierarchies so as to continuously perform communication.
From the feature of (2), when a path change which depends on
a communication network building plan is needed, it is pos-
sible to secure a communication path having an equivalent
performance without labors such as installation of lines or
movement of equipment. Further, an existing protection
switching technique mainly uses a method in which an opera-
tion system and a standby system (switched destination) are
set in advance for each communication unit (for example,
“connection” or “path”) as indicated by 1+1 or 1:1 (generally,
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N+M type or N:M type (a method of preparing for M standby
paths in order to protect N items of communication)), and, if
each item of communication is to be more reliably protected,
communication network resources which are preliminarily
necessary increase to that extent, whereas, in the present
embodiment, communication is collected in the BHEs 171
and 172, the standby path 970 connecting between the BHEs
is shared as a standby path, and thereby it is not necessary to
secure a large number of network resources. In addition, since
there is a low probability that a plurality of path failures may
occur, a part of the communication path 970 is shared by all
the AEs 111 to 113, and thereby it is possible to effectively use
the resources. In the existing technique, only a single com-
munication unit is protected for a single standby line (the
number of settings), but the standby path 970 can be assigned
to all items of communication in the configuration of the relay
network 10. The cost-effectiveness thereof is high. The relay
network 10 has a configuration in which one-to-multi con-
nection having the AEs 111 to 113 as tops and one-to-multi
communication having the BHE 171 or the BHE 172 as a top
overlap each other, and, in the protection switching process,
the BHEs 171 and 172 are interconnection points between the
individual paths 911, 912, 921, 922, 931 and 932 and the
sharing path 970. Generally, when the number of accommo-
dated items of communication is taken into consideration, the
BHESs 171 and 172 are higher in a process performance of the
communication equipment than the AEs 111 to 113. In most
cases, the BHE employs a configuration of equipment itself
with the higher reliability than the AE. Further, a large capac-
ity line is easily to be used for the standby path 970 between
the BHES, and, since traffics do not flow into the standby path
970 in a normal operation, it is easy to cope with the emer-
gency.

1-2. Outline Sequence

FIG. 5 is a sequence diagram illustrating a series of pro-
cesses related to switching paths passing through the AE 112,
the BHE 172 and BHE 172 in the network configuration
diagram of FIG. 3.

In a normal operation state, the AE 112 receives data com-
munication from the BHE 171, and periodically receives the
CCM frame 10000 in order to monitor communication cir-
cumstances of the corresponding communication path 921
(10000-1, 10000-2, and 10000-%). When the CCM frame
10000 is normally received, the AE 112 records a time point
when the CCM frame is received, and resets a timer for
measuring an arrival time interval. This figure shows a situ-
ation in which the failure 300 occurs in the communication
path 921 in a step in which the CCM frames 10000 are
received up to the CCM frame 10000-%.

The time point recorded in the AE 112 is a time point when
the CCM frame 10000-% is received (S101). Successively, in
a case where the next CCM frame is not received until a
specific time (the set time depends on a request by a carrier or
a set value in equipment, and is, for example, 3.5 times or the
like more than the arrival time interval of the CCM frame) has
elapsed (S102), the AE 112 determines that some sort of
failures occur in the path 921. More accurately, it is deter-
mined that some sort of trouble occurs in downward commu-
nication (communication from the BHE 171 to the AE 112)
using the path 921 (S103).

Next, the AE 112 sends a communication path switching
request 20001 to the BHE 172 using the communication path
922 with the BHE 172 which does not recognize the abnor-
mality on the communication path (S104). An example is
shown in which a plurality of frames 20001 are sent as the
switching request frame in order to prevent notification fail-
ure due to a bit error on the communication path 922 or a



US 9,166,874 B2

17

signal/frame loss. This figure shows a state in which 20001-1,
20001-2, and frames subsequent thereto are sent. At the same
time as step S604, the AE 112 stops (waits) a user data frame
process for a specific time. This is because the AE 112 waits
until a series of processes related to the path switching such as
update of a path table are completed in the BHE 172 (and the
BHE 171) which are new reception equipment of a signal sent
from the AE 112, and data loss is prevented from being
generated during the waiting time. In order to manage this
waiting time, the switching request frame 20001 starts to be
sent, and, at the same time, a waiting timer starts to be counted
(8105). In addition, when a counted value (waiting duration)
of the timer reaches a specific value (S106), transmission of
the switching request frame 20001 finishes, and user data
frames accumulated in the AE 112 are resumed to be sent
(8107). In the sequence of this figure, a configuration change
of a table in the BHE 172 is requested. This process will be
described later in detail (after FIG. 31).

FIG. 6 is a sequence diagram illustrating a flow of a path
switching process using a switching operation example dif-
ferent from FIG. 5, when failures occur in a communication
path between the AE 112 and the BHE 171 in the network
configuration diagram of FIG. 3.

The sequence of this figure is the same as that in FIG. 5 up
to the step of sending the path switching request frame 20001
to the BHE 172. Therefore, description of steps S101 to S104
will be omitted.

When the switching request frame 20001 (20001-1,
20001-2, and subsequent frames) is received from the AE
112, the BHE 172 changes a path set therein so as to set a
communication path from the BHE 172 to the AE 112. Along
with the path information update process, the BHE 171 is
notified of a transfer request frame 20002, and thus the BHE
171 is requested to transfer a signal directed to the AE 112 to
the BHE 172, and a path change is requested such that a
reception path of an uplink signal from the AE 112 is set to the
standby path 970 (FIG. 3). When a specific time has elapsed
after the transfer request frame 20002 starts to be sent or an
ACK signal (not shown in this figure) for the transfer request
frame 20002 from the BHE 171 is received, it is regarded that
a transfer setting change process in the BHE 171 is com-
pleted. The BHE 172 confirms that the update of path infor-
mation therein is completed, and sends an ACK signal 30000
for notifying of the transfer preparation completion to the AE
112 using completion of the process in the BHE 172 and the
BHE 171 as a trigger. This figure shows a state in which the
ACK 30000 is also transmitted in multiple times in prepara-
tion for any failures on the path 922 (30000-1, 30000-2).

When the ACK signal 30000 is confirmed, the AE 112
changes a sending destination from the path 921 to the path
922, and starts communication directed to the core networks
210and 220 viathe BHE 172 (S107). A process after the ACK
30000 is confirmed is the same as in FIG. 5. A change in the
table configuration inside the BHE 172 will be described later
in detail (after FIG. 31).

FIG. 7 is a sequence diagram illustrating a flow of pro-
cesses in a case where a path switching control signal using a
standby communication path between the BHE 171 and the
BHE 172 in the sequence (a case of using the ACK signal) of
FIG. 6 is transmitted and received.

First, the BHE 172 receives the switching request frame
20001 which is transmitted by the AE 112, following step
S104 of FIG. 6. Using this as a trigger, the BHE 172 recog-
nizes that a certain problem occurs which impedes continu-
ous communication between the AE 112 and the BHE 171.
Although the AE 112 transmits a plurality of switching
request frames 20001 (20001-1 and 20001-2) for signal
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redundancy, path setting tables (a transfer table and a path
table) inthe SHE 172 are changed in the step (S301) in which
the BHE 172 normally receives the frames. In other words,
the standby path 922 which is not used in a normal operation
becomes valid as a main signal path, and simultaneously a
communication path directed to the AE 112 is set using the
standby path 970 which connects the BHE 171 to the BHE
172 (S302). In addition, at the same time, a communication
path is changed such that a transmission path is set to the
standby path 970 in relation to an uplink signal from the AE
112 (S302).

For example, the BHE 172 has a BHE transfer table and/or
an inter-BHE path table as described later, correlates an input
communication path with an output communication path, and
further stores active and standby identification information or
failure identification information in advance in each table. In
addition, when arrival of the path switching request frame is
recognized, the BHE 172 sets a flag of the active and standby
identification information or the failure identification infor-
mation in standby system path information which is set in the
BHE transfer table and/or the inter-BHE path table thereof in
advance, so as to make an entry of the intercommunication
path valid. The BHE 172 can perform path switching on a
targeted flow by referring to the BHE transfer table and/or the
inter-BHE path table.

In confirming normal reception in step S301, for example,
normal reception may be recognized at a time point when a
predetermined number of switching request frames 20001 are
received, or a method may be used in which, after the switch-
ing request frame 20001 is received once, a confirmation
frame is transmitted to the AE 112, and the switching request
from the AE 112 is determined as being valid at a time point
when reception of a reply (reconfirmation) frame for the
confirmation frame from the AE 112 is confirmed.

A path setting in the self equipment is changed after the
switching request frame 20001 is confirmed, and a transfer
request frame 20002 for accommodating communication
from the BHE 171 to the AE 112 in the standby path 970 is
transmitted to the BHE 171. In addition, the transfer request
frame 20002 is transmitted in multiple times in order to
increase failure resistance (20002-1 and 20002-2). At this
time, along with the start of transmission of the transfer
request frame 20002, a timer for waiting for completion of a
transmission setting to the standby path in the BHE 171 is
activated (S304). Ina step (S305) in which it is confirmed that
aspecific time has elapsed using the timer, the transfer request
frame 20002 stops being transmitted, and the ACK signal
30000 for notifying of completion of preparation for the
standby paths 922 and 970 is sent to the AE 112. An operation
after the notification of the ACK 30000 is sent is the same as
in FIG. 6.

In the same manner, after step A104 of FIG. 5, the same
processes as in FIG. 7 (8301 to S305 etc.) may be performed.

FIG. 8 is a sequence diagram illustrating a flow of pro-
cesses different from FIG. 7 in a case where a path switching
control signal using a standby communication path between
the BHE 171 and the BHE 172 in the sequence (a case of using
the ACK signal) of FIG. 6 is transmitted and received.

Processes from the transmission start of the switching
request frame 20001 from the AE 112 until transmission of
the transfer request frame 20002 starts in the BHE 171 are the
same as in FIG. 7. Therefore, description up to step S303 in
this figure will be omitted.

When the transfer request frames 20002 (20002-1, 20002-
2, and the subsequent same frames) are received from the
BHE 172, the BHE 171 changes path settings therein so as to
set communication paths for a downlink signal directed to the
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AE 112 using the standby communication path 970 from the
BHE 171 to the BHE 172, and for an uplink signal which has
the AE 112 as a transmission source. After the transfer request
frame 20002 is normally received, in a step in which the path
setting in the self equipment is completed, an ACK signal
40000 for notifying of the transfer preparation completion is
sent to the BHE 172. This figure shows a state in which the
ACK 40000 is also transmitted in multiple times in prepara-
tion for any failure on the path 970 (40000-1 and 40000-2). As
a method of conforming normal reception of the transfer
request frame 20002, for example, normal reception may be
recognized at a time point when a predetermined number of
switching request frames 20001 are received, or a method
may be used in which, after the switching request frame
20001 is received once, a confirmation frame is transmitted to
the AE 112, and the switching request from the AE 112 is
determined as being valid at a time point when reception of a
reply (reconfirmation) frame for the confirmation frame from
the Ad 112 is confirmed.

After the ACK signal 40000 is confirmed, the BHE 172
transmits the ACK frame 30000 for notifying of completion
of'preparation for the standby system paths 922 and 970 to the
AE 112 via the path 922. A process after the AE 112 confirms
the ACK 30000 is the same as in FIGS. 5 and 7.

In the same manner, after step A104 of FIG. 5, the same
processes as in FIG. 8 (S301 to S303 and S401 etc.) may be
performed.

FIG. 9 is a sequence diagram illustrating changing proce-
dures of the path setting table (path table) of the BHE 171 in
the path switching sequence shown in FIGS. 5 to 8. This
figure shows path setting procedures in the opposite edge
equipment BHE 171 when the AE 112 is used as trigger
equipment (that is, assuming that the AE 112 detects failures)
for performing a series of path switching processes.

The process procedures from steps S104 to S303 are pro-
cesses common to FIGS. 5 to 8, and thus description thereof
will be omitted. In addition, the AE 112 may change a trans-
mission path of an uplink signal to the standby system path
922 at a time point when the path switching request frame
20001 is sent to the BHE 172 (S107-1). When this path
changing is performed, specifically, contents described in a
transfer table (FIG. 10: 1110) and a management table (FIG.
10: 1310) are changed.

When the transfer request frames 20002 (20002-1 and
20002-2) are normally received from the BHE 172, the BHE
171 changes a path for receiving an uplink signal from the AE
112 which is a corresponding access line side edge equip-
ment, from the active system path 921 to the standby path 970
between the BHEs (S501). Further, in relation to a downlink
signal which is transferred from the BHE 171 using the path
921, a transmission path is changed to the standby paths 970
and 922 passing through the BHE 172 (S502). The path
changing which is necessary in the BHE 171 is transferring a
downlink signal directed to the AE 112 received from the core
networks 210 and 220, to the standby path 970. A relay
process in the BHE 171 is performed using the transfer table
held in the BHE 171.

For example, the BHE 171 has a BHE transfer table and/or
an inter-BHE path table as described later, correlates an input
communication path with an output communication path, and
further stores active and standby identification information or
failure identification information in advance in each table. In
addition, when arrival of the path switching request frame is
recognized, the BHE 171 sets a flag of the active and standby
identification information or the failure identification infor-
mation in standby system path information which is set in the
BHE transfer table and/or the inter-BHE path table thereof in
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advance, so as to make an entry of the intercommunication
path valid. The BHE 171 can perform path switching on a
targeted flow by referring to the BHE transfer table and/or the
inter-BHE path table.

When the above-described processes are completed, entire
communication (uplink/downlink signal process) between
the AE 112 and the BHE 171 which has been performed using
the active system path 921 before the failure 300 occurred is
performed via the BHE 172, thereby securing communica-
tion between the AE 112 and the BHE 171. The AE 112
resumes sending of an uplink signal when the sending timer
count is completed as shown in FIG. 5 or the ACK is received
as shown in FIGS. 6 to 8 (S107-2).

2. Edge Equipment AE

2-1. Configuration of AE

FIG. 10 shows a block configuration example of the user
side edge equipment AE of the relay network 10 accommo-
dating the access lines. Functional configurations of the AEs
111, 112 and 121 are approximately the same. Therefore, in
this figure, a representative configuration example of these
AEs will be described targeting the AE 112.

The AE 112 includes a line card 2000 (hereinafter, abbre-
viated to an LC in some cases; the LC is also referred to as an
interface card), a switching unit 3000, and an equipment
controller 1000 (hereinafter, abbreviated to a CTR in some
cases). In a general configuration of the communication
equipment, a plurality of L.Cs 2000 are accommodated, and
the respective L.Cs 2000 are connected to one another via the
switching unit 3000 (or in a connection form using direct data
exchange paths between the L.Cs). The switching unit 3000
may be replaced with a direct connection path between the
LCs. In addition, generally, there are cases where the switch-
ing unit 3000, the CTR 1000, and the LC employ a redundant
configuration in which a standby system block having equiva-
lent functions is provided in preparation for equipment break-
down. In addition, the features of the present invention and
the present embodiment are not influenced by whether or not
there is a redundant configuration inside the equipment. For
this reason, a redundant configuration method is not shown in
this figure. Of course, even introduction of the redundant
configuration does not influence implementation of the
present invention and the present embodiment, and effects
expected by the present invention and the present embodi-
ment do not vary.

Hereinafter, each function will be described along a flow of
a signal input to the AE 112.

First, user data (hereinafter, also referred to as a main
signal) is input to a line input and output unit 2100 (herein-
after, abbreviated to an LIO unit) of the LC 2000 via the
access line 60. The LIFs 2110, 2120 and 2130 are interfaces
(LIFs) for accommodating lines. In this configuration, it is
assumed that the number of NLIF interfaces are provided.
When the LIF confirms that the user data is input, the user data
is transferred to an input buffer 2210. The input buffer 2210 is
one of functions of an input signal processing unit 2200, and
temporarily holds an input signal until the signal is terminated
or a transfer process thereof is completed. The LIFs 2110 to
2130 include an optical signal transmission and reception
module or an electrical line interface, recognize a reception
start position (or a reception start time point) of a signal, and
extract the signal for each specific cycle in a case of a syn-
chronous line and with the packet/frame units in a case of a
packet/frame communication line. A signal stored in the input
buffer is a signal extracted through the above-described pro-
cess in the LIFs 2110 to 2130, and holds formed information
for each predefined unit.
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Next, the input signal processing unit 2200 will be
described. Here, the description will be made assuming that a
form of a received signal is a frame form. Through the above-
described process, header information including information
(frame control information) related to a transfer process of the
information such as a destination identifier and a transmission
source identifier of the received information, and payload
information including the information itself are stored in the
input buffer. After the information is stored, the frame is
divided into a header part and a payload part.

First, a header extraction unit 2250 reads the header part
from the input buffer 2210 and transfers the header informa-
tion to a header analysis unit 2260. The header analysis unit
2260 refers to the received header information, confirms a
destination of the frame, and confirms path information in
order to send the frame from an appropriate output line. In
addition thereto, it is checked whether or not appending,
conversion, and deletion of the header information are nec-
essary. In a case where the input frame is an MPLS frame,
there are cases where an MPLS label which is appended to the
input frame is different from an MPLS label to be appended at
the time of output. Further, before and after passing through
the AE 112, a case where a process priority of the information,
a value of Time To Live (TTL), or the like is required to be
updated is also included in the header information conversion
process. This operation of the header information is per-
formed in a header processing unit 2270. After the header
information of an output frame is fixed through the above-
described process, the header information is transferred to a
frame generation unit 2230. Here, the header information is
stored in a frame generation buffer 2231.

On the other hand, in the payload part (a main body of the
received information) a payload extraction unit 2220 is
extracted from the input buffer 2210. Since, in a typical frame
configuration, a header part and a payload part are continu-
ously located, the header extraction unit completes reading of
the header, and, then, the payload extraction unit confirms an
information start position and starts reading. For this, the
payload extraction unit 2220 also has a header identifying
function, or the payload extraction unit 2220 is notified of a
payload start position from the header extraction unit 2250.
The configuration can be realized by either method, and, here,
the former configuration is assumed (the head identifying
function in the payload extraction unit 2220 is not shown;
detailed description of the function is omitted). The payload
information is transferred to the frame generation unit 2230
so as to form an output frame in combination with corre-
sponding header information. A difference between a process
time from header extraction to header configuration comple-
tion and an arrival time to the frame generationunit 2230 from
the payload extraction unit is absorbed by the frame genera-
tion buffer 2231. In other words, a side which arrives earlier
waits until the header information and the payload (informa-
tion main body) are combined in the frame generation buffer
2231 and thus a frame is formed. After an output frame of the
information is generated, the output frame is moved to an
output buffer 2240. The output buffer 2240 provides a queue
for a plurality of frames waiting for output to the switching
unit 3000. A reading control unit 2280 is provided so as to
perform a process such as a priority output of a frame in
relation to output to the switching unit 3000 from the queue.
Information which is a basis of reading control in the reading
control unit 2280 is based on a header processing result of
each frame accumulated in the output buffer. In this figure, the
header processing unit 2270 gives the information to the
reading control unit 2280.
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The switching unit 3000 generally secures a sufficient
capacity for the number of input frames (input data amount)
from each LC 2000 (and 2000-2). The switching unit selects
an appropriate LC 2000 based on destination information in
relation to a frame received from an input signal processing
section 2200 and transfers the frame to an output signal pro-
cessing section 2400 of the LC 2000. A correspondence rela-
tionship between the destination information and the trans-
mission destination L.C is determined by a path control unit
1100 and a transfer table 1110. In this figure, since the whole
or some of the path information can be shared by the path
control unit 1100 and the switching unit 3000, a control line
3001 is shown. Alternatively, as another method, a method
may be used in which, since the switching unit 3000 has only
to know an identifier of a transmission destination LC (inside
the switching unit 3000) of a received frame, the header
processing unit 2270 inserts the identifier into the frame
header in advance. In this case, since the information is valid
information only inside the equipment, the identifier is
inserted into a region which is generally called an equipment
inner header in order to be appended to the outside of the
header information, for example. The equipment inner header
is deleted in advance when the frame is sent from the LIO
(2100) to the outside. A location for deletion is inside the
output signal processing section 2400 or the LIO (2100). In
the present embodiment, although a method of deleting an
inner header in the L1IO (2100) is assumed in a case of append-
ing the inner header, the present invention and the present
embodiment can be implemented in either method.

The output signal processing section 2400 plays a role of
making a frame which is received from the switching unit
3000, sent from an appropriate LIF which is directed to a
destination of the frame. In a step in which a frame is received
from the switching unit 3000, the L.C 2000 including a send-
ing interface of the frame is selected, but an output interface
is not specified yet. The output signal processing section 2400
determines the output interface.

Timing when the output signal processing section 2400
receives an output frame from the switching unit 3000 is
generally indefinite (cannot be controlled by the output signal
processing section 2400 side). Therefore, there is provided a
buffer 2410 which temporarily accumulates a frame which is
received from the switching unit 3000 via a switch interface
part of the output frame from the butfer 2410, and determines
an interface (one of the number of NLIF interfaces indicated
by the reference numerals 2110 to 2130) which will send the
frame. This interface may be indicated by only an identifier of
a physical line or may be identified through combination of
both identifiers of a physical line and a logical line. In a case
of an Ethernet (registered trademark) frame or an MPLS
frame, a plurality of VLLAN tags or MPLS labels may be often
inserted into a frame header. In this case, there is a probability
that transmission of a forward frame may be impossible
unless there is an identifier of the logical line even if only the
physical line is assigned. For this reason, the physical/logical
line identifiers are sent in a state of maintaining a frame form
stored in the buffer 2410 as an output frame except for an
identifier stored in the above-described inner header (gener-
ally, information which can be identified by other communi-
cation equipments). An output port is determined based on the
transfer table 1110 of the path controlunit 1100. In the present
embodiment, since information included in the transfer table
1110 can be shared by the output port search unit 2420 and the
path control unit 1100, a control line 2421 is shown. As
described above, an output port may be designated in the
method of using the equipment inner header. In this case, the
control line 2421 is not necessary. The header processing unit
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2270 inserts an output port identifier into the inner header by
referring to the transfer table 1110, and the output port search
unit 2420 stores the frame in a frame queue 2430 which is
provided for each destination port by referring to the identi-
fier.

A reading control unit 2460 has a function of finally deter-
mining timing when a frame is sent from the AE 112. A
reading control method includes changing order of frames to
be processed due to a priority output based on the header
information of the frame, congestion on a path in output
destination lines 4100 to 4300 corresponding to the frame
queue 2430, traffic concentration on some output lines inside
the frame queue 2430, or the like. Information which is a basis
of'the reading control in the reading control unit 2280 is based
onmonitoring of a state of the frame queue 2430 as well as the
frame header, and state monitoring with the failure monitor-
ing unit 1400 using the control line. A frame which is
instructed to be output by the reading control unit 2460 is
transferred from the frame queue 2430 to an output port
distribution unit 2440. The output port distribution unit 2440
transfers the frame to a predetermined line interface LIF (any
one 0f 2110 to 2130 in this configuration example) according
to the line identifier inserted into the frame header. The reason
why the output port distribution unit 2440 is provided on the
rear stage of the frame queue 2430 is that, for example, in a
case where a communication network employing a Line
Aggregation (LAG) technique performs large capacity com-
munication by linking a plurality of physical lines, it is nec-
essary to practically select a line for sending each frame, and
aframe copying process is necessary to transmit frames on all
the lines in a case of a multicast frame. Since an output frame
generated according to header information of an input frame
is stored in the frame queue 2430, a relationship of the number
of frames between the input frame and the output frame is one
to one. The reading control unit 2430 performs sending/wait-
ing instruction based on the frame header information and the
payload information. Therefore, the output port distribution
unit 2440 has a function of finally specifying a sending line.

As shown in FIGS. 2 and 3, if a use path is to be switched
when path failures occur, the AE 112 is required to register
two or more sending destinations of frames in the transfer
table regardless of whether an output port is determined by
2420 or the header processing unit 2270. Further, a priority is
given to the line group, and thereby to which line a frame is
preferentially output (that is, which line is used as an active
system or a standby system) is set. The failure monitoring unit
1400 determines a normal state or an abnormal state, and the
output port distribution unit 2440 distributes an output line
according to the determination.

Process procedures in the delay control unit are as follows.
When the AE 112 receives a CCM frame from the BHE 171,
the CCM frame is processed according to the above-de-
scribed procedures. Since the CCM frame is the AE 112, if the
header analysis unit 2260 detects that the CCM frame is
directed to the self equipment, an operation of the header
information which is a subsequent process is not necessary.
The header analysis unit 2260 notifies the failure monitoring
unit 1400 of an arrival time and an arrival interval of the CCM
frame via the control line. The failure monitoring unit 1400
checks the notified communication circumstances of the
CCM frame and determines whether or not the circumstances
are in an abnormal state. The determination method depends
onimplementation much, and, for example, there is a method
in which it is determined that failures occurs on a monitoring
target path if a CCM frame is not normally received over 3.5
times more than the CCM frame transmission cycle as
described in the ITU-T or IEEE standard regulations. When
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the path failures are detected, the failure monitoring unit 1400
instructs the frame generation unit 2230 to generate a switch-
ing request frame. This switching request frame is a frame
which is sent to the BHE 172. The switching request frame is
generated, is then promptly stored in the output buffer 2240,
and is read as a high priority frame in response to an instruc-
tion to the reading control unit 2280 from the failure moni-
toring unit 1400. The frame which is stored in the buffer 2410
via the interfaces (IF-1 (2310) and IF-O (2320)) of the switch
interface (SIO) unit is read as a high priority frame in
response to an instruction from the failure monitoring unit
1400 or according to inner header information appended to
the frame, and is promptly transferred to the frame queue
2430. Further, the frame is output from the reading control
unit 2460 of the frame queue 2430 as a high priority frame,
and is sent to a line directed to the BHE 172 by the output port
distribution unit 2440. The failure monitoring unit 1400 is
required to record the path in which the failures occur. In this
configuration example, the failure monitoring unit 1400 can
also refer to the transfer table 1110 using the control line
connecting the failure monitoring unit 1400 to the path con-
trolunit 1100. Since this mutual reference is used, the transfer
table 1110 includes a field indicating (identifying an opera-
tion path) failure circumstances (path use circumstances) in
addition to the path distribution information (FIG. 11). Of
course, a method may be employed in which the failure moni-
toring unit 1400 has a path list independent from the transfer
table, and failure circumstances are recorded in this list.

FIG. 11 shows a table configuration example of the transfer
table 1110 of FIG. 10. This table 1110 correlates an input path
of a signal with an output path thereof. The table 1110
includes a parameter 1116 indicating whether or not failures
occur in each registered path, and a line priority 1115 which
is used to select a use line in a case where a plurality of lines
can be used. The line priority field 1115 is indexes (one
thereof) for giving a priority to a communication line which
may possibly be a transmission destination when the AE 112
processes a received signal. This table further includes a line
type field 1119, and it is determined whether a path via which
a signal is received and a route to which the signal is output at
each time point are of active system or of standby system on
the basis of the field.

The AE 112 processes the received signal (assuming a
packet format in the present embodiment) using the table of
FIG. 11A. Specifically, a “flow” formed by a series of packet
groups and a path through which the flow should pass are
identified. For this reason, identifiers (route ID) 1111 of the
physical lines 4100 to 4300 or the physical interfaces 2110 to
2130 for receiving a signal and an identifier (a flow 1D) 1112
for a signal (logical line) multiplexed on a corresponding line
are used. An output route ID 1113 and an output flow ID 1114
are used to identify an output line corresponding thereto. In
other words, a received flow and a path through which the
flow passes are specified through a combination of four types
of parameters.

In the present embodiment, the BHEs 171 and 172 form a
pair of redundant systems in a communication path from the
AE 112 to the core networks 210 and 220. Each path is
indicated by an active system (Working Path/Connection; W)
orastandby system (Protection Path/Connection; P). The first
entry and the third entry of FIG. 11A are applied to signals
which are input from the same physical line and have the same
logical identifier. The first entry is an active system (high
priority) and the second entry is a standby system (low prior-
ity). A failure state field 1116 indicates whether or not a
communication state on a path identified by each entry is
normal.
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When the failure monitoring unit 1400 checks a commu-
nication state of the CCM frame and detects communication
abnormality, a failure occurrence flag is recorded in the fail-
ure circumstances field 1116 on the path. Since communica-
tion in the path is required to stop along with the failure flag,
apriority flag of the entry is changed when the abnormality is
detected. For example, when failures occur in an output des-
tination path of the first entry, a failure mark is written in the
failure field 1116 of the entry, a priority of the path is changed
to “Low”, and a priority of the second entry which is a
replacement path is changed to “High”.

In the field in which other flags are described, for example,
whether or not there is a signal using the entry, whether or not
the entry is valid (based on a contract (an operation state) or a
failure state), or a standby system entry number (a table
address indicating the entry) corresponding to the entry is
described. Particularly, it is important in the present embodi-
mentto hold a correspondence relationship between an active
system path and a standby system path. For example, in most
cases, if paths are different, different identifiers are used as
identifiers of logical lines. In addition, there are cases where
141 redundant systems (or Link Aggregation) are formed for
a single flow. In these cases, it is necessary for the AE 112 to
perform a transfer process by combining received signals
from a plurality of paths in which identifiers of a physical line
and a logical line are different from each other. Even in this
special setting as such, the entries are correlated with each
other in advance, and thereby it is possible to promptly search
for a corresponding replacement path when failures occur.

It is important to correlate a logical line identifier (the
output route ID 1113 and the output flow ID 1114) of an
output line with a physical line identifier of an interface which
practically outputs a signal. In a case where the input route ID
1111 and the output route ID 1113 are IDs indicating physical
lines, there is no problem, but in a case where each rout ID is
a logical route ID, it is necessary to correlate the logical line
with a physical line for practically sending a signal. This case
is also handled using the other-flag field 1119.

FIG. 11(B) shows a configuration example obtained by
simplifying the transfer table 1110. In the table (B), identifi-
ers 1117 of (typically, a plurality of) access lines 60 accom-
modated by the AE 112, and identifiers 1118 which correlate
the access lines 60 with an active system path (for example,
the path 921 in FIGS. 1 to 4) or a standby system path (for
example, the path 922 in FIGS. 1 to 4) in the relay network 10,
are described.

When an input signal from the access line 60 (referred to as
a User Network Interface (UNI)) is transferred to a Network
Interface (referred to as an NNI), the AE 112 determines
whether the signal is transferred to an active system path or a
standby system path by referring to this table. In order to
employ the configuration of FIG. 11(B), it is necessary to
correlate the access line 60 (the path 621 in the AE 112) with
the input route/flow ID (1117) one to one. In addition, also in
relation to the relay network 10 side interface, it is necessary
to correlate the active system path 921 with the output route/
flow ID (1118) or correlate the standby system path 922 with
the output route/flow ID (1118) one to one. A means for this
correlation is the same as that in setting the table (A). In other
words, the means can be employed by designating a physical
line as a route ID or performing correlation using the other
flag field.

In addition, FIGS. 11(A) and 11(B) include both of (1) the
entry (1110B-1) corresponding to upward communication in
which an input signal from the access line 60 is transferred to
the core networks 210 and 220 and (2) the entry (1110B-2)
corresponding to downward communication in which a sig-
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nal is output to the access line 60 from the relay network 10.
This table configuration may be divided for each communi-
cation direction (upward/downward) and be mounted.

FIG. 12 shows a configuration example (A) of the manage-
ment table 1310 held by the path management unit 1300
forming the controller 1000 of the AE 112. This table is a
database which collects path information set in the AE 112
(the transfer table 1110 of FIG. 11 is some of the path infor-
mation). The path management unit 1300 has a function of
transmitting and receiving information to and from an Oper-
ating System (OpS) 10000, and the management table 1310
plays roles of holding path setting information input from an
operator, and checking communication circumstances in each
path of which an operation is in progress so as to be presented
to the operator (enabling the operator to monitor a state).

The configuration example (A) of this figure is a configu-
ration example corresponding to the table entries of FIG.
11(A). This example includes identifiers (flow IDs) 1311 of
Flow-1 and Flow-2 which are search targets when referring to
the table entry, a signal transmission direction (communica-
tion direction) 1312 for each flow, active system path setting
information 1313 for the flow, a standby system path setting
information 1314 for the flow, an identifier 1315 of a redun-
dant system path (active system/standby system) which is
currently used by the flow, and an other flag filed 1316.

The active system path setting information 1313 for each
flow includes an input route ID 1313-1 and an output route ID
1313-2, and the standby system path setting information 1314
includes ID 1314-1 and an output route ID 1314-2.

This configuration example shows that a flow identifier
appended to an uplink communication signal which is
received (from the access line 60) by the AE 112 is VLAN-j,
and LSP-m or LSP-n is used as a flow identifier when the
received flow is transferred inside the relay network 10. In
addition, it is shown that a path which is currently used by the
flow is an active system (W). This is also the same for down-
link communication, and it is shown that, VLLAN-q which is
set to be directed to the access line 60 is applied (appended) to
the signal Flow-2 (identifier: LSP-y or LSP-w) which is
received from the relay network 10 by the AE 112, so as to be
transferred. A system which is currently selected and used by
Flow-2 is an active system (W).

FIG. 13 shows another configuration example (B) of the
management table 1310 held by the path management unit
1300 forming the controller 1000 of the AE 112. This table
configuration diagram shows an example in which some of
the information forming the management table 1310 is col-
lected. Itis possible to realize path management by collecting
and maintaining the table configuration diagram (A) shown in
FIG. 12 and the configuration example (B) of this figure in a
single table, or by a method of maintaining (A) and (B) as
divided tables and providing communication means which
maintains the tables without contradiction to each other by
referring to parameters described in the mutual tables at any
time.

FIG. 13 correlates a physical line interface with header
information. On the other hand, FIG. 12 correlates header
information with a flow ID. In other words, the configuration
(A) correlates the high rank layer information (operation
administrator-oriented information such as service design-
setting policy/concept) with the header information, and the
configuration (B) correlates a low rank layer information
(hardware information) with the header information.

The table (B) of this figure shows a correspondence rela-
tionship between the physical line interfaces 2110 to 2130
which receive a signal and a logical line which is multiplexed
on the physical line 4100 and is identified using header infor-
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mation such as an MPLS label in relation to each input signal
(flow). At the same time, the physical line interface is corre-
lated with a hierarchized logical line (or hierarchized flow) in
which an identifier is further added to a logical line (header
information indicating the logical line) and a signal is multi-
plexed (for example, stacking of VLLAN tags of Ethernet
(registered trademark) or stacking of MPLS labels) and is
transferred.

The entry of the table (B) is set for each physical line
interface identifier 1317 (physical IF-ID). An interface type
1318 (line type) which is different for each communication
protocol is set in the entry. As the line type, for example, there
are a Gigabit Ethernet (registered trademark) line (GbE), 10
GbE, POS, 10 Gbps-POS (10G-POS), and the like. Although
a form in which they are directly described in the table is
shown in this figure, there may be a configuration in which an
identifier such as a line number is set for each line type, and
the identifier is described in this table, when the table (B) is
actually built. Since a single physical line 1317 can include a
plurality of logical lines, the physical line 1317 includes the
same identifier in the entry 1317 so as to match the number of
logical lines. Further, this table records a communication
direction 1319 for each logical line therein. Since paths used
in an outbound path and an incoming path may be set to be
different in communication between the AE 112 and the BHE
171 (172), it is necessary to record the communication direc-
tion 1319 for each logical line. Further, a logical path identi-
fier 13170 for forming a logical path is included. An input
route ID 13171 and an output route ID 13172 are described in
the logical path identifier 13170. In a case of a signal in which
an identifier of an input signal is indicated by the input route
1D 13171 when the signal passes through the physical line
1317 of the entry in the direction described in the communi-
cation direction 1319, a series of correlation between the
parameters is defined in which the output route ID 13172 is
appended to the signal so as to be output from the AE 112.
Further, the system type 1398 regulates whether a communi-
cation signal expressed by a combination of the above-de-
scribed parameters 1317 to 13172 is used in an active system
path (W) or a standby system path (P). The system type 1398
is an item for determining a use priority of each path in a case
of setting a plurality of logical paths, and, for example, in a
case of two paths, identifiers for identifying the active system
and the standby system are described therein. Further, in a
case of setting a plurality of paths in order to protect between
the AE 112 and the BHE 171 (172), an identifier indicating a
use priority (ordering to be validated) of each path is
described in the system type 1398. In an other-information
field 1399, information of validity of the entry (whether or not
the entry is invalid), a use frequency of the path, the set band
in a case of setting a band assignment to each path, and the
like is described.

FIG. 14 is a configuration example of the delay table 1210
held by the delay control unit 1200 of the AE 112.

This table 1210 includes a flow ID (1311), a path ID (a
logical line ID (13170)) indicating a path through which the
flow passes, and a transfer waiting time (1211) which is to be
requested for the flow. In addition, as other parameters, a line
type 1318, a communication direction 1319, a system type
1398, and other information(s) 1299 are included. Other
parameters are information which is referred to when the
transfer waiting time 1211 is determined, or information
which is referred to and thereby an appropriate waiting time
setting is possible. For example, the transfer waiting time
1211 is required to be set to be shorter as the line type 1318
(that is, a line speed) is faster (a transfer performance is
higher) in order to reduce influence on communication. In

10

15

20

25

30

35

40

45

50

55

60

65

28

addition, in a case where a communication direction is
directed to the core networks 210 and 220 (an uplink signal),
some transfer waiting time 1211 is necessary when the path is
switched in the relay network 10 in the AE 112; however, ina
case of a downlink signal, the transfer waiting time 1211 in
the AE 112 is regarded as a signal instantaneous interruption
time which is required for the path switching process. The
signal instantaneous interruption time in the latter (when a
downlink signal is transferred) is used in a case of changing a
process priority (a priority of a reading process from the
frame queue 2430) of a data frame which is transferred to the
access line 60 from the AE 112 according to the type of data
frame, before and after switching, for example.

In determining the transfer waiting time (1211), a count
time of a timer is referred to in a case of using the transfer
waiting timer when the switching process is performed as
shown in FIG. 5. The transfer waiting timer is provided in the
delay control unit 1200, and the transfer waiting time is
determined by referring to a value of the timer counter when
a signal passing through the path is received from the access
line 60 during the path switching process. In other words, the
timer counter and the transfer waiting time 1211 of the table
1210 are synchronously operated. On the other hand, in a
configuration in which transfer is resumed using a reception
confirmation of an ACK signal from the BHE 172 as a trigger
according to the sequence shown in FIGS. 6 to 8, a predefined
maximum value is described in the transfer waiting time
1211, and a signal of the flow is sent when transfer can be
resumed. The maximum value set at this time may be deter-
mined for each flow ID 1311 (according to the type of service
accommodated by the logical line 13170). The waiting time is
managed with the signal (frame) unit, and whether a frame
which exceeds a transfer waiting time (maximum value) of
the flow from a signal reception time is discarded or accumu-
lated is determined depending on the type of service. Ina case
of confirming the ACK as in the latter case, a flag indicating
whether or not transfer is possible according to reception/
non-reception of an ACK is described in the other-informa-
tion field 1299 and is used together with the transfer waiting
time field 1211.

FIG. 15 shows an interrelationship among the tables shown
in FIGS. 11 to 14. A role of each table, a configuration
example thereof, and a use method when practically operated
are the same as described with reference to FIGS. 11 to 14,
and thus repeated description will be omitted here.

2-2. Process of AE

FIG. 16 is a flowchart illustrating a flow of processes
related to setting path information in the AE 112. The operator
accesses communication equipment such asthe AE 112 orthe
BHE 171 via the OpS (90000) and inputs communication
path settings for forming a communication network therein.
In the present embodiment, the path management unit 1300
manages whole path information which is input to the AE
112. Therefore, path setting information input from the
operator and communication circumstances in each path are
recorded in the database 1310 (the management table) man-
aged by the path management unit 1300. The operator may
access the path management unit 1300 in order to check
communication circumstances.

This flowchart shows a flow of processes when an initial
setting of the AE 112 is performed. First, path information is
input to the path management unit 1300 from the operator.
The path information is held in the path management unit
1300 as the management table 1310 (F101). The path infor-
mation which is temporarily held in the path management
unit 1300 is shared by the delay control unit 1200 and the path
controlunit 1100 and is used to perform a process required for
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each function. The path control unit 1100 holds the path
information which is held by the path management unit 1300,
in a form of the transfer table 1110 in order to perform a
transfer process based on a header analysis result of an input
frame (FIG. 11) (F102). Further, the delay control unit 1200
monitors a delay time on a communication path at any time,
and records state variations such as deterioration in a com-
munication performance or communication disconnection
caused by congestion or failures on the path. In addition, a
process of delaying (waiting up to sending time) sending from
the AE 112 for a specific time is performed according to the
type of transferred information. In order to realize it, the delay
control unit 1200 holds the information of the path manage-
ment unit 1300 in a form of the delay table 1210 (F103). In
addition, the transfer table 1110 reflects the latest circum-
stances thereon at any time in response to a control signal
from the failure monitoring unit 1400 in a case where switch-
ing of a communication path occurs or the like. The informa-
tion held in the delay table 1210 is also rewritten at any time
according to communication circumstances. A notification of
the communication circumstances generated by each func-
tional unit is sent to the path management unit 1300 periodi-
cally or at any time in a case where a communication state
varies, so as to be reflected on the management table 1310.

FIG. 17 is a flowchart illustrating processes related to a
path monitoring frame (a CCM frame) in a header analysis
unit 2260 of the AE 112. As a frame type processed by the
header analysis unit 2260, there are a user data frame received
from the access line 60, a CCM frame received from the
BHEs 171 and 172, and an OAM frame for performing con-
trol inside the relay network 10. Among them, this figure
extracts and shows a flowchart regarding a process on the
CCM frame related to the path switching process of the
present embodiment.

The header analysis unit 2260 starts a header analysis
process using an input of frame header information from the
header extraction unit 2250 as a trigger (F201). After the
process starts, first, the received frame header is analyzed
(F202). In this step S202, information (parameter) required
for the analysis process is extracted from the received frame
header information, and a process method is determined
inside the header analysis unit 2260 by referring to the param-
eter, or the path control unit 1100, the failure monitoring unit
1400, and the delay control unit 1200 are notified of the
parameter, and a header analysis process is performed by
referring to a response notification from each functional unit
obtained as a result thereof or in a form according to the
response notification.

Processes after step S203 are processes related to the CCM
frame. First, it is determined whether or not the received
frame is a CCM frame (F203). If the received frame is a
normal data frame which is not the CCM frame, for example,
a data frame received from the BHE 171 or a data frame
received from the access line 60, a header process is per-
formed on the normal frame, and the frame is terminated or is
transferred as shown in FIG. 18 described later (F209). If the
received frame is recognized as the CCM frame in step S203,
the flow is moved to a process on the CCM frame.

First, it is checked whether or not the CCM frame is
received from a normal path (F204). Ifthe CCM frame is to be
sent, equipment or an equipment interface which is a genera-
tion and transmission source thereof, and equipment or an
equipment interface which is used as a reception side of the
CCM frame are required to be clearly regulated before the
system is operated. This setting can be confirmed in the fail-
ure monitoring unit 1400 and the path control unit 1100 via
the path management unit 1300. If the CCM frame is received
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from a path other than the expected paths, since the path is a
path which is not set in the relay network 10 by the operator,
the path is closed (F207), and a notification of the fact indi-
cating that the unexpected CCM frame is received is sent to
the path management unit 1300 for warning (F208).

Ifthe CCM frame is received from a set (approved) path, an
arrival time of the CCM frame at the AE 112 is recorded
(F205). This time point is used to confirm a CCM frame
reception interval when another CCM frame is received from
the same path after a specific time has elapsed. In addition, in
a case where the CCM frame can not be received for a specific
time or more (for example, in a case where the path failure
300 occurs or the like), an elapsed time from a time point
when the CCM frame finally arrives is referred to, and occur-
rence of the failure 300 is recognized using the above-de-
scribed predetermined elapsed time. The failure monitoring
unit 1400 and the delay control unit 1200 are notified of the
arrival time recorded in step S205 and a path ID (a physical
line ID or a logical line ID) for identifying the path through
which the CCM frame passes (F206).

FIG. 18 is a flowchart illustrating process procedures of a
user data frame in the header analysis unit 2260 ofthe AE 112.
This figure shows the process in step F209 of FIG. 16.

The header information of the received frame is received
from the header extraction unit 2250 (F301), and the infor-
mation is inquired of the path control unit 1100 (F302). The
path control unit 1100 searches the transfer table 1110 so as to
check whether or not the frame is included in the entries, and
check the validity of the entry when valid/invalid information
of the entry is included in the other-flag field 1119 (F303).
Here, in a case where the header information is not included
in the entries of the transfer table 1110, or the entry is invalid,
a notification is sent to the header analysis unit 2260 so as to
discard (delete) the received frame (F310).

In a case of a valid entry, the path control unit 1100 extracts
both or either an output route ID and/or an output flow ID of
the frame (F304). In addition, the output route ID (1111,
1112, or 1117) and the output flow ID (1113, 1114, or 1118)
are extracted from the transfer table 1110. Along with the
search of the transfer table 1110, the path control unit 1100
checks whether or not queuing is necessary when transfer is
performed for the delay control unit 1200 (F305). Whether or
not queuing is necessary can be known, for example, by
checking a communication state of a transmission destination
(output route) of the frame from the delay table 1210 and by
confirming the transfer waiting time 1211 which is described
when a switching process is in progress for some reason such
as occurrence of failures in the path or path holding at the time
of maintenance by the operator. The header processing unit
2270 is notified of information (header processing informa-
tion for outputting the frame to the output route) related to the
output route ID and the output flow ID extracted from the
transfer table 1110 and whether or not queuing is necessary
(and queuing time when the queuing is necessary) (F307).
Process procedures of the frame information in the delay
control unit 1200 in step F306 will be described with refer-
ence to FIG. 20.

FIG. 19 is a flowchart illustrating process procedures of the
path monitoring frame (CCM frame) in the failure monitoring
unit 1400 of the AE 112.

After forming of the redundant system paths (the active
system path 921 and the standby system path 922) connecting
the AE 112 to the BHE 171 and the BHE 172 is completed,
communication starts between the equipments (enters an
operation state). Along with the operation start, the CCM
frame 10000 starts to be transmitted to the paths 921 and 922
in the upward direction and the downward direction. Each of
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the AE 112 and the BHEs 171 and 172 sends a CCM, receives
the CCM frame 10000 from the opposite equipment con-
nected via the paths 921 and 922, and monitors arrival cir-
cumstances of the CCM frame, thereby determining whether
or not a communication state of the path 921 or 922 is normal.
In order to monitor the arrival circumstances of the CCM
frame, along with the operation start, each of equipment
(here, the AE 112 as an example) activates a timer which
measures waiting time until the CCM frame is received
(F401). The timer measures a CCM frame arrival interval and
is used to determine whether or not communication is nor-
mally performed based on this information.

The failure monitoring unit 1400 confirms the timer acti-
vated in step F401 for each specific time. At this time, an
elapsed time is recognized from the timer count, and it is
determined whether or not the elapsed time lies within a
predetermined threshold value set in advance (F402). This
predetermined threshold value may be set to 3.5 times more
than the CCM frame transmission interval (since the value
may be different depending on a request when equipment is
used, the value is only a set example), for example, as
described above. If the elapsed time lies within the predeter-
mined value, it is further checked whether or not CCM frame
information is received from the header analysis unit 2260
(F403). If the CCM frame is not received, the timer count is
continuously performed and arrival of the CCM frame is
awaited.

If the timer count value lies within the predetermined
threshold value, and the CCM frame is received, processes
after step F404 start. Based on the frame header information
received from the header analysis unit 2260, an arrival time of
the CCM frame which has arrived is recorded (F404). The
arrival time can be obtained from an arrival time interval of
the CCM frame and an arrival time point of the previously
received CCM frame, obtained from the timer count value. An
arrival time point of the latest CCM is compared with an
arrival time point difference of the CCM frame received from
the same path one step before, and thereby an arrival time
interval is recorded (F405). In addition, the arrival time inter-
val may also be obtained from an arrival timer count value. If
the arrival time interval obtained in step F405 is deviated by
apredetermined threshold value or more from a transmission
and reception interval of the CCM frame in the path, set
before the operation, the path management unit 1300 is noti-
fied of a warning (F408). The path management unit 1300
describes the warning in the management table 1310 and
notifies the operator (or enables the operator to refer to). If the
deviation of the arrival time is equal to or less than the pre-
determined threshold value, the CCM frame waiting timer
activated in step F401 is reset, and reception of the next CCM
frame is awaited (F407).

In a case where a timer value exceeds a specific time earlier
than reception of the CCM frame, the failure monitoring unit
1400 recognizes that communication failures occur in the
path (F410). In order to send the path switching request 20001
from the AE 112 to the BHE 172, the failure monitoring unit
1400 instructs the frame generation unit 2230 and the reading
control unit 2280 or the frame generation unit 2470 and the
reading control unit 2460 to generate and preferentially pro-
cess the switching request frame 20001 (F411 and F412).
Further, when path switching is performed (for example,
when switching from the active system path 921 to the
standby system path 922 is performed), since update of the
transfer table 1110 due to the path switching, reflection of the
updated information on the switching unit 3000, and update
of the transfer table in the BHEs 171 and 172 require a
specific time, the failure monitoring unit 1400 instructs the
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reading control unit 2280 to wait for transferring a frame to
the path and notifies the delay control unit 1200 of a transfer
waiting time to the path, thereby reflecting the information on
the delay table 1210 (F412). The path management unit 1300
is notified of the path switching information and the transfer
waiting time setting information at any time so as to be
recorded in the management table 1310.

FIG. 20 is a flowchart illustrating process procedures
related to transfer of a received frame in the delay control unit
1200 of the AE 112.

When received frame information is received from the
header analysis unit 2260 (F501), a path through which the
received frame passes is searched using the delay table 1210
(F502). Before step F502, an input path (a physical path ID or
a logical path ID) of the frame is confirmed from the transfer
table 1110, and the delay table 1210 is searched using sending
destination path information (a physical path ID or a logical
path ID) or a flow ID obtained from the transfer table 1110.

In a case where a sending destination of the received frame
is under a switching process due to occurrence of failures or
the like, and a frame directed to the path requires transfer
waiting, the transfer waiting time 1211 is obtained from the
delay table 1210 (F503). The reading control unit 2280 and
the output timing control unit 2450 are notified of the transfer
waiting time (output time point) when the frame is trans-
ferred, obtained here (F504). This method is a means for
directly notifying the reception side LC and the transmission
side LC from the delay control unit 1200. In addition, as a
method of notifying the transmission side LC of the informa-
tion, there is a method of using an equipment inner header for
describing frame process information inside the equipment.
In this method, a sending time point of the frame is described
in a part of the equipment inner header, and the output timing
control unit 2450 and the reading control unit 2460 of the
transmission side LC confirm the sending time and send the
frame according to the inner header. In any method, the
received frame can be temporarily accumulated in the buffer
and be sent at a predetermined time point. In a case where
there is no designation of the transfer waiting time 1211 for a
transmission destination path of'the received frame, a normal
transfer process is performed on the frame (F505). In this
case, the delay control unit 1200 is not required to particularly
instruct each functional unit of the LC 2000.

3. Backhaul Edge Equipment BHE

3-1. Configuration of BHE

FIG. 21 is a block configuration diagram illustrating a
configuration example of ISP network/core network side
edge equipment BHE of the relay network 10 which accom-
modates access lines. Functional configurations of the BHEs
171, 172 and 181 are approximately the same as one another.
Therefore, as a representative configuration example of these
BHEs, this figure shows a functional block configuration
diagram of the BHE 171.

The BHE 171 provides a signal relay function in the relay
network 10, and further provides an interconnection function
with the high rank networks (the ISP networks or the core
networks) 210 and 220. The former is common to the com-
munication function of the AE 112 shown in FIG. 10, and
description thereof will be omitted in this figure. The latter
has a function similar to the access line accommodation func-
tion of the AE 112. As an example of the similarity, the AE
112 and other AEs accommodate a plurality of access lines in
some cases. As shown in FIG. 1, when the AE 111 accom-
modate the access lines 611 and 612, and receives a signal
from the inside of the relay network to the access line, the AE
111 determines to which access line the signal is transferred
and distributes the signal. Similarly, when the BHEs 171 and
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172 receive a signal from the relay network 10 to the high rank
networks 210 and 220, the BHE determines to which high
rank network the signal is transferred and distributes the
signal.

There is a case where both the AE and the BHE simulta-
neously send a signal (packet) received from the relay net-
work 10 to a plurality of lines accommodated in the AE and
the BHE. For example, this case corresponds to a case where
data for multiple users such as broadcast signals is transferred
in the AE, and a case of performing simultaneous backup on
a data center at a remote location from a company site or the
like via the access line 60, the relay network 10, and the high
rank networks 210/220 in the BHE.

As described above, processes in the BHE and the AE are
approximately the same as each other with regard to a normal
signal transfer process inside the relay network 10 and inter-
communication between the relay network 10 and an external
network (communication with the high rank networks 210/
220 via the interconnection line 90, or communication with
the user network via the access line 60), and thus detailed
description related to the signal process will be omitted in this
figure.

The BHE 171 includes an LC 6000, an SU 7000, and a CTR
5000 in the same manner as the AE 112 (FIG. 10). Ina general
configuration of the communication equipment, a plurality of
LCs 6000 are accommodated, and the respective LCs 6000
are connected to one another via the SU 7000 (or connected in
a connection form using direct data exchange among the
LCs).

A configuration and a use method of a transfer table 5110
held by the BHEs 171 and 172 are also approximately the
same as the configuration example of the transfer table 1110
of the AE 112 shown in FIG. 11. In the transfer table 5110, in
the same manner as in the AE 112, transfer control informa-
tion for performing transfer control inside the relay network
10 and intercommunication between the relay network 10 and
the high rank networks 210 and 220 are held in a form of FIG.
11. The failure information 1116 shown in FIG. 11 is also
used in the same manner for the transfer table 5110 of the
BHEs 171 and 172. In other words, communication using the
paths (paths connecting the BHE to the AEs 111 to 113) in the
relay network 10 is monitored, and whether or not there are
failures in each path is recorded.

A configuration and a use method of a delay table 5210
held by the BHEs 171 and 172 are also approximately the
same as the configuration example of the delay table 1210 of
the AE 112 shown in FIG. 14, and thus description thereof
will be omitted in this figure. In the transfer table 5210, in the
same manner as the delay table 1210 of the AE 112, transfer
control information for performing transfer control inside the
relay network 10 and intercommunication between the relay
network 10 and the high rank networks 210 and 220 are held.

FIG. 22 is a table configuration diagram illustrating a con-
figuration example of the inter-BHE path table 5510 in the
functional block of the BHE 172 of FIG. 21. This table
records therein information regarding the communication
path 970 (also referred to as a standby path) between the
BHESs shown in the network configuration diagrams of FIGS.
1to 4.

The setting information of the standby path 970 includes
path information for monitoring a path state (for transmitting
and receiving a CCM frame) which is set in the path in
advance and path information for mutual notification of path
information between the BHEs. In addition, identification
information for recognizing a flow ID (or a physical line ID
and a logical line ID, or either one) which should be commu-
nicated using the standby path 970 is included in a case where
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failures occur in some scheduled (active system) communi-
cation paths inside the relay network 10.

A table configuration example of FIG. 22A is similar to
those of the transfer table 1110 and the transfer table 5110 of
the AE 112 and the BHE 172. In other words, logical (or
physical) line interface identifiers 5511 for connection
between the BHEs 171 and 172, (typically, a plurality of)
logical paths (logical lines/flows) IDs 5512 accommodated
by the interfaces 5511, and communication directions 5513 of
the respective flows, are included.

The communication direction of the flow is different
depending on (1) whether the flow is received from the BHE
171 or (2) the flow is sent to the BHE 171. In addition, the
communication direction is different depending on (A)
whether the flow is transferred from the outside (the access
line 60 or the core network) to the relay network 10 or (B) a
reverse direction thereto. Each flow can be identified as being
of four types through this combination. In addition, in a case
where the physical line interface is required to be correlated
with the logical line interface, the correlation can be realized
using the other-flag filed in the same manner as in the transfer
table 1110 (FIG. 11) of the AE 112 (here, the same description
as in FIG. 11 will be omitted).

This table further includes an input route ID 5514 and an
output rout ID 5515. These input and output route IDs are
parameters for identifying each flow in the BHE 172. A usage
flag 5518 of control (C) indicates that the flow does not use a
standby system path. In a case where this flag is rewritten to
data (D), this indicates that a flow identified using a combi-
nation of the parameters 5511 to 5515 of the entry performs
communication using the standby path 970 due to communi-
cation abnormality or the like of a scheduled (active system)
path inside the relay network 10. One of features of the
present invention and the present embodiment is to use the
standby path 970 for transfer of a data signal as well as a
control signal.

In this configuration example, a table configuration which
makes the communication on the standby path redundant for
each flow passing through the standby system path is pro-
vided. This is a means for avoiding communication failures in
the standby path 970 and thus preventing deterioration in a
situation. For this reason, a priority (type) 5516 for designat-
ing an active system path (Working Path; W) or a standby
system path (Protection Path; P) for each flow is included.
Further, among the input/output route ID settings of this
figure, the parameter in the parenthesis indicates a route ID
used (that is, set in the standby path 970) for connection
between the BHE 172 and the BHE 171.

In the table configuration example of FIG. 22A, the fol-
lowing is shown in order from the top of the entry.

<1> Reception flow from the BHE 171

<2> Transmission flow to the AE 112

<3> Transmission flow to the BHE 171

<4> Reception flow from the CRE

Processes regarding these flows are as follows in order.

<1> Transfer process from the BHE 172 to the CRE

<2> Transfer process from the BHE 172 to the AE 112

<3>Transfer process of a signal which is received from the
AFE 112 by the BHE 172

<4>Transfer process of a signal which is received from the
CRE by the BHE 172

FIG. 22(B) shows a classified table which collects a com-
munication direction and transmission source/transfer desti-
nation of the frame for performing the above-described trans-
fer process. The “flow” described in FIG. 22(A) indicates a
flow which is accommodated in the standby path 970 in an
emergency. This “flow” corresponds to a flow of which use is
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necessary (Yes;Y) in determination 51104 regarding whether
or not the standby path is used in the table of FIG. 22(B). In
other words, the entries 5110-5 and 5110-6 which do not use
the standby path 970 are not required to be described in the
inter-BHE path table 5110. In order to show a process rela-
tionship between the entry of FIG. 22(A) and the entry of FIG.
22(B), mutual correspondence is shown using the numbers
<1>to <4> in the figures. The entries indicated by the same
number have the same signal path inside the relay network 10.
The table configuration example of FIG. 22(B) is not required
to be used to monitor or switch a communication path. The
table configuration example is information which is referred
to when forming the inter-BHE path table 5510 (FIG. 22 (A))
or referred to when the operator performs path management.

FIG. 23 shows a configuration example (A) of the manage-
menttable 1310 held by the path management unit 5300 in the
controller CTR 5000 of the BHE 172 (FIG. 20). This table is
a database which collects path information set in the BHE
172, and a table configuration method of'this table is approxi-
mately the same as in FIG. 12. This table is some of informa-
tion which should be held by the path management unit 5300
in the same manner as the management table in the AE 112 of
FIG. 12. Information registered in this table includes the path
information for forming the inter-BHE path table 5110 shown
in FIG. 21(A).

This table includes a flow ID (5311), a communication
direction 5312 of the flow, an active system path 5313 and a
standby system path 5314 assigned to the flow, a selected
system identifier 5315 indicating a system (active/standby)
which is currently used by the flow, and a line type identifier
5316 indicating a usage of the flow. The parameters other than
the line type identifier 5316 are the same as in the description
of FIG. 12, and description thereof will be omitted in this
figure.

Either Data (D) or Control (C) is set in the line type iden-
tifier 5316 as an identifier indicating a usage of the line. “D”
is set in a data communication system path inside the relay
network 10, and “C” is set in the standby system path 970. In
anormal operation, only the path indicated by “C” is used for
communication of control information. The path in which
“D” is set is used for transmission of a data signal (audio,
broadcast, Internet content, or the like). A communication
state is monitored using an OAM frame or the like in all the
lines, and thus health checking for the lines is performed.

From this configuration example, for example, the flow
(F-¢) uses LSP-K and VLAN-W respectively as the input
route 1D (5313-1) and output route ID (5313-2) of Working
Path (5313) in a case where an active system path can be used.
Since the communication direction 5312 is Up, it can be seen
that the flow should be transferred to the CRE 211 or 221 from
the AE 112 via the BHE 172.

This configuration example shows circumstances in which
the flows identified by F-a and F-b perform communication
using an active system path (W) and the flow identified by F-c
uses a standby system path (P). the selected system identifier
5315 is a field updated at any time along with protection
switching (including path switching based on judgment of the
operator) according to circumstances of the communication
path or path setting changing when a service is added/
changed.

In a case where the data communication path is switched
from the active system to the standby system, the selected
system identifier 5315 is updated. In addition thereto, the line
type identifier 5316 may be rewritten. In other words, the type
of a control signal path is switched from “C” to “D”, and
thereby it is possible to understand path use circumstances on
the management table. In the latter case, if a line used for
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communication in the active system path is rewritten from
“D” to “C”, or is rewritten to another identifier indicating
occurrence of failures, an operation state is more easily
checked.

In a case where failures occur in the communication path
inside the relay network 10 assigned to each flow, the flow is
promptly transferred to the CRE 211 or 221 via the BHE 171.
In this case, a communication path (standby system) after the
path switching includes the standby path 970 (that is, a com-
munication line for control information, connecting the BHE
171 to the BHE 172).

In order to perform path switching to the standby path 970,
flow identifiers (input route and output route) which are
required to be appended to the flow (F-c) (a header of a packet
group forming the flow) are LSP-J and LSP-N described in
the standby system path (5314). Here, LSP-N is a logical line
ID for transferring the flow (packets) to the standby path 970.

FIG. 24 shows a configuration example (B) of the manage-
ment table 5310 held by the path management unit 5300 in the
controller 5000 of the BHE 172. The table configuration
diagram (A) shown in FIG. 23 and the configuration example
(B) of this figure may be collected and maintained in a single
table, or may be maintained as divided tables and may be
maintained without contradiction to each other by referring to
parameters described in the mutual tables at any time,
depending on a mounting condition. A specific table configu-
ration method is the same as in the configuration example (B)
of FIG. 13, and thus description thereof will be omitted in this
figure. A relationship between the table (A) of FIG. 23 and
this figure (B), that is, correlation of a superordinate concept
such as a service identifier with a line/flow identifier in (A),
and correlation with a subordinate concept (hardware con-
cept) such as a physical line/physical interface in (B) are the
same as described with reference to FIGS. 12 and 13.

Upon comparison with the table of FIG. 13, in a case of
mounting this table (B) in the BHE 172, entry types registered
in the table increase. In other words, a parameter for identi-
fying the standby path 970 is added. In this configuration
example, the IF type/communication direction information
(5319) field corresponds thereto. The entry indicated by Pro-
tection Path (PP) indicates a communication path including
the standby system path 970 between the BHEs.

In this configuration example, among the entries of the
physical IF-ID (5317), the entries from PHY-1 to PHY-4
indicate path settings for data communication. These entries
use a standby system communication path via the standby
path 970 in a case where failures occur in the active system
path (W) and protection switching occurs. For this reason, the
entry in which Working (W) is described in the system type
information (5398) indicates an active system path setting,
and the entry in which Protection (P) is described in the same
information 5398 indicates a bypass path (standby system
path) via the standby path 970.

On the other hand, a signal which is sent from the BHE 171
to the BHE 172 is a control signal for sharing operator setting
information regarding each of BHE, or a data signal passing
through the standby path 970 due to path switching when
failures occur in a data path. In order to reliably transmit and
receive the control signal in the standby path 970, and in order
to reliably accommodate data signal communication as a
standby system path, the standby path 970 uses a redundancy
means such as 1:1 or 1+1 protection switching or application
of LAG, thereby increasing failure resistance. In this configu-
ration example, PHY-5 and PHY-6 have a relationship of an
active system and a standby system with each other, and, thus,
even if one communication is disrupted, the other path is set
to be used, thereby increasing continuity of communication.
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3-2. Process of BHE

FIG. 25 is a flowchart illustrating a flow of processes
related to setting path information in the BHE 172. The pro-
cesses in this figure are approximately the same as the path
information setting procedures of the AE 112 shown in FIG.
15. The operator accesses the communication equipment
such as the AE 112 or the BHE 171 via the OpS (90000) and
inputs communication path settings for forming a communi-
cation network therein. In the present embodiment, the path
management unit 1300 manages whole path information
input in the AE 112. Therefore, path setting information input
from the operator and communication circumstances in each
path are recorded in the database 1310 (the management
table) managed by the path control unit 1300. The operator
may access the path management unit 1300 in order to check
communication circumstances.

The processes in steps F701 to F704 are the same as those
in FIG. 15, and thus description thereof will be omitted. After
path information settings in the BHE 172 or 171 are com-
pleted in step F704, it is checked whether or not communi-
cation between the BHE and the opposite BHE 171 or 172
connected via the standby path 970 is possible, that is, path
information settings in the opposite BHE are completed
(F705). If the communication is possible, first, the BHE 172
(or 171) notifies the opposite equipment of contents of the
inter-BHE path table 5510 of'the self equipment, and requests
the opposite equipment (BHE) to notity of the inter-BHE path
table of the equipment (F706). In the step in which the BHEs
172 and 171 share setting circumstances of the inter-BHE
path table 5310 with each other, the path information setting
process of the BHE 172 is completed. In addition, the inter-
BHE path table from the opposite equipment is held by the
inter-BHE path monitoring unit 5500 or the path management
unit 5300 or both of them. In addition, a notification and a
request of information are mutually performed in order to
maintain consistency of this information by checking path
information at any time even in a case where settings are
changed by the operator even during an operation of the relay
network 10 or a path switching process occurs from commu-
nication circumstances with the AEs 111 to 113. In relation to
this information notification, in addition to the time when a
specific event occurs, information sharing is performed peri-
odically, after a predetermined time interval is set to the
maximum value and an information sharing process is com-
pleted once, and before the predetermined maximum time has
elapsed.

FIG. 26 is a flowchart illustrating process procedures when
a path switching request 20001 is received by the header
analysis unit 6260 of the BHE 172.

The processes in steps F801 to F804 and steps F808, F809
and F810 are approximately the same as the procedures of
FIG. 16 which show a method of processing the CCM frame.
Steps F801 to F804 respectively correspond to steps F201 to
F204, and steps F808 to F810 respectively correspond to steps
F207 to F209. Here, the figure extracts and shows processes
in a case where the BHE 172 receives the path switching
request frame 20001 from the AE 112.

If, in step F803, the path switching request frame 20001 is
confirmed, and, in step F804, it is confirmed that the request
frame is received from a correct path, the BHE 171 is
requested to perform path switching so as to use a standby
path, in order to secure a communication path using the
standby path 970. Specifically, the AE 112 instructs the BHE
171 to change the transfer table so as to transfer a downlink
signal directed to the AE 112 from the BHE 171 to the standby
path 970, thereby receiving the communication signal in the
downward direction. This instruction uses the transfer request
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frame 20002 (F805). The transfer request frame 20002 is
generated by the frame generation unit 6230.

Further, in order to continuously perform uplink commu-
nication of the flow via the BHE 171, the path control unit
5100 changes the path information of the transfer table 5110
so as to transfer a signal arriving from the AE 112 to the
standby path 970. In addition, the transfer table 5110 is
rewritten such that a downlink signal directed to the AE 112
which is received via the BHE 171 is identified, and is trans-
ferred to the AE 112 using the path 922 (F806). Finally, the
path control unit 5100 notifies the path management unit
5300, the delay control unit 5200, and the inter-BHE path
monitoring unit 5500 of the updated contents of the transfer
table 5110 (F807). The functional blocks which have been
notified respectively perform reflection on the management
table 5310, update of the delay monitoring path setting in the
delay table 5210, and update of the use circumstances of the
standby path 970 in the BHE path table 5510 (addition of a
flow entry to the inter-BHE path table for accommodating a
new flow).

FIG. 27 is a flowchart illustrating procedures of the path
switching process when a path switching request frame is
received by the CTR 5000 of the BHE 172. This figure shows
respective processes by the path control unit 5100, the inter-
BHE path monitoring unit 5500, the failure monitoring unit
5400, and the frame generation unit (either 6230 or 6470;
although description is made assuming the latter in this figure,
realization is possible even using either functional block).

The path control unit 5100 is notified by the header analysis
unit 6260 so as to recognize that the path switching request
frame 20001 arrives (F901). Since standby system path infor-
mation is set in the transfer table 5110 of the path control unit
5100 in advance, a failure flag is promptly set in the transfer
table 5110 (a flag of the active system path is set to “1”, or an
invalid flag of the entry is set in the other-information filed) so
as to make the entry of the standby system path valid.
Through the above-described processes, path switching is
performed for the flow (F902). In addition, a path called the
standby system path here indicates the standby path 970
between the BHEs. If the path switching is completed, the
path control unit 5300 notifies the inter-BHE path monitoring
unit 5500 and the failure monitoring unit 5400 of the use start
of the standby path 970 by using control signals F903 and
F904, respectively. When the inter-BHE path monitoring unit
5500 is notified, the inter-BHE path monitoring unit adds an
entry of the flow which is a switching target (a transfer target
to the BHE 171) to the inter-BHE path table 5510 (F907). The
failure monitoring unit 5400 instructs the frame generation
unit 6470 to generate the transfer request frame 20002
directed to the BHE 171 in response to the notification. Fur-
ther, the reading control unit 6280 (or 6460) is instructed to
promptly read the transfer request frame (F908). In addition,
in a case where the prompt reading instruction of the transfer
request frame is sent to the reading control unit using inner
header information, the process in step F908 is regarded as
being included in a process (F909) of the frame generation
unit 6470. Further, the notification F905 sent from the failure
monitoring unit 5200 to the frame generation unit 6470 may
be performed from the inter-BHE path monitoring unit 5500
to the frame generation unit 6470 (F906). When an instruc-
tion for generation of the transfer request frame is received
from the delay monitoring unit 5200 or the inter-BHE path
monitoring unit 5500, the frame generation unit 6470 forms a
control frame 20002 directed to the BHE 171 (F909) in
response thereto. The transfer request frame 20002 formed
here is promptly transferred to the frame queue 6430, and is
delivered via any one of the LIFs 6110 to 6130 (F910).
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The path control unit 5100 notifies the path management
unit 5300 and the delay control unit 5200 of the path change
to the standby path 970 (F920). This notification F920 is
necessary for the delay control unit 5200 to be informed of the
path setting circumstances in order to set signal transmission
and reception between the AE 112 and the BHE 171 as a new
monitoring target, and for the delay control unit 5200 to
recognize the communication path 922 with the AE 122 and
the standby path 9709 as target paths.

In step F921, it is checked whether or not setting of a
standby system communication path passing through the
BHE 172 is completed. As a checking method at this time, as
shown in FIGS. 7 and 8, there are a method of waiting for a
specific time after the BHE 171 is notified of the transfer
request and a method of checking whether or not a notifica-
tion (ACK) of a process completion is received from the BHE
171. Although depending on a mounting design of commu-
nication equipment and a communication network, either
method may be used to implement the present invention and
the present embodiment. When the setting of the standby
system communication path (update of the settings of various
tables for interconnection between the path 922 and the
standby path 970) is completed, communication between the
AE 112 and the BHE 171 is resumed using the paths (F922).

4. Frame Configuration

FIG. 28 is a signal configuration diagram illustrating a
configuration example of the frame used for communication
between the BHE 172 and the BHE 171 when using the
standby path 970. There are two methods as methods of
performing communication between the BHEs using the
standby path 970. One method is to set an individual flow
identifier (as described above, a VLLAN tag or an MPLS label
may be used as the identifier) for each flow in the standby path
970 and to convert the identifier when the BHE 172 relays
communication between the BHE 171 and the AE 112 (that is,
a method of performing an interconnection process), and the
other method is to set a common identifier for a plurality of
flows in the standby path 970 and to encapsulate a received
frame with a header including the common identifier.

The figure U-A shows a configuration of a frame which is
received from the AE 112 by the BHE 172 when an uplink
signal is relayed. A frame header 30010 includes an identifier
field H101, and the identifier inserts an identifier (for
example, LSP-1in FIG. 22 or FIG. 23) for communication in
the standby system path 922 in the AE 112. According to the
first relay method, the BHE 172 changes L.SP-I into a header
H102 (LSP-Z) for transfer to the standby path 970 when the
frame is transferred, and transfers the frame to the BHE 171.
When the frame including the identifier H102 (LSP-I) is
received, the BHE 171 converts the identifier H102 into an
identifier H105 (VL AN-Y) which should be inserted when
communication from the AE 112 is transferred in a normal
operation, and sends the frame to the core network. In the
series of processes, the BHE 172 refers to the transfer table
5110 and the inter-BHE path table 5510 (FIG. 22), determines
whether or not a frame is to be transferred to the standby path
970 from the reception interface and the received frame
header information, and inserts an appropriate frame identi-
fier into the frame which is transferred. On the other hand, the
BHE 171 grasps a correspondence relationship between the
identifier H102 (LSP-I) of the frame header and a frame
identifier in a normal operation path, and replaces the identi-
fier with the identifier (VLAN-Y) set in advance in a normal
operation when transferring the frame to the core network
(more generally, processes of related header information as
well as the identifier are performed). In the configuration of
FIG. 22, the inter-BHE path table 5510 is held, and thereby it
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is possible to understand a header process when transfer is
performed in a normal operation. The transfer table 5110
shows a correspondence relationship between identification
information of a received frame and identifier information
appended when a frame is sent, and the information forms an
entry based on the inter-BHE path table 5510 as described
above.

Inthe second relay method, a frame configuration shown in
the figure U-B2 is used. In this case, a received frame is
encapsulated in an original form and is transferred to the BHE
171 viathe standby path 970. The BHE 171 can recognize that
the frame passes through the standby path 970 from a recep-
tion path of the frame. Since the frame configuration is main-
tained and the frame is transmitted to the BHE 171, the frame
identifier H104 for a standby system path appended by the AE
112 can be referred to. Thereby, it is possible to perform a
frame process in a general linear redundant system between
the AE 112 and the BHE 171 regardless of the presence of the
BHE 172 which works as relay equipment. A process
required by the BHE 171 is only a process selection function
for treating a frame from which a primary header is deleted as
a normally received frame in relation to a signal from the
standby path, in addition to communication (header informa-
tion) settings in an active system path with the AE 112 and
communication settings in a standby system path.

This is also substantially the same for a downlink signal.
Frame configurations D-B1 and D-B2 respectively show
frame configuration examples corresponding to the first relay
method and the second relay method. In the first method, a
process when a frame is transferred from the BHE 172 to the
AE 112 is the same as in the uplink signal, and an identifier
H205 directed to the AE 112 corresponding to the identifier
H202 is inserted into the frame which is transferred. In the
second method, the frame identifier H201 does not vary when
the frame is received from the core network before and after
the frame passes through the standby path 970. Therefore, the
BHE 172 is required to insert an identifier used in a linear
redundant system in which the BHE 171 and the AE 112 form
both ends. The identifier information can be realized by
mutual notifications of path information between the BHEs
172 and 171. As a result, if the table shown in FIG. 21 can be
built, the first and second methods can be applied.

FIG. 29 is a signal configuration diagram illustrating a
configuration example of the CCM frame. Path monitoring
using the frame starts along with operation start of an indi-
vidual path or flow.

A frame configuration in this figure includes a destination
address (DA) 10010, a transmission source address (SA)
10020, an MPLS header 10030 as [.2 information, and a
payload 10040. Equipment which receives this frame can
determine a frame type, for example, by referring to a prede-
termined label value 10031 indicating an OAM frame.

Information of which a notification is to be sent using the
CCM frame is stored in the payload 10040 part. Specific
information examples include an MEG level (identification
information indicating a logical connection relationship setin
a monitoring target path, called a Maintenance Entity Group
Level) 10041, OAM version information 10042, a code num-
ber OpCode (10033) indicating the CCM frame, Flags
(10034) indicating a transmission cycle of the CCM frame
and other additional function information, a sequence num-
ber field 10045, an MEP ID (10046) indicating equipment 1D
which sends the CCM frame, logical identification informa-
tion MEG ID (10047) of a monitoring target path, and a field
10048 for other control informations. Details of the defined
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fields of the CCM frame are described in the ITU-T or IEEE
standard regulations, and thus description thereof will be
omitted here.

FIG. 30 is a signal configuration diagram illustrating a
configuration example of the switching request frame 20001,
transfer request frame 20002, and process completion notifi-
cation (ACK) frames 30000 and 40000.

The figure (A) shows a configuration example of the
switching request frame 20001 which is transmitted from the
AE 112 to the BHE 172 and the transfer request frame 20002
which is transmitted from the BHE 172 to the BHE 171. This
configuration example is based on a Vendor Specific Message
(VSM) frame format defined in ITU-T Y.1731.

L2 information (10010, 10020, and 10030) of the frame
configuration of this figure is the same as in FIG. 29, and thus
description thereof will be omitted. In addition, in relation to
MEL (10041) which is basic payload information of the
OAM frame, OAM version information 10042, and a code
number OpCode (10053) indicating a VSM frame, a meaning
indicated by each field is the same as in the frame configura-
tion example of FIG. 28. Further, Operatally Unique Param-
eters (OUI) 10050 and SubOpCode (10051) are described in
(5.8031, and thus description thereof will be omitted here.

In the present embodiment, information of which a notifi-
cation is to be sent from the AE 112 to the BHE 172 and from
the BHE 172 to the BHE 171 is stored in the payload 10040
part. Specifically, a part of the control information field 10060
is used. This includes an instruction content regulation field
10061 for requesting a switching process and a transfer pro-
cess, and a reserve field 10062 for inserting other flags or the
like. In addition, the reserve field 10062 is an option.

The figure (B) shows a configuration example of the ACK
frame which is transmitted from the BHE 171 to the BHE
171. An ACK frame which is transmitted from the BHE 172
to the AE 112 also has the same configuration. The switching
completion notification (ACK) message 30000 (or 40000)
includes a switching completion notification field (10063) to
which the instruction content regulation field 10061 used in
the figure (A) is rewritten.

In the above-described embodiment, the path switching
method using detection of communication failures by the AE
112 as a trigger has been described. Hereinafter, a description
will be made of a path switch method when the BHE 171 or
the BHE 172 detects path failures.

B. Second Embodiment

FIG. 31 is a network configuration diagram illustrating a
path switching method in a case where failures in uplink
communication are recognized from arrival circumstances of
a CCM signal when the BHE 171 monitors the CCM frame
from the AE 112. When failures are detected, the BHE 171
first transmits a transfer request frame 20003 for requesting
relay (relay of the signal in the BHE 172) of an uplink signal
whichis directed to the BHE 171 from the AE 112, to the BHE
172. The BHE 172 which has received the transfer request
frame 20003 updates the transfer table 5110, the inter-BHE
path table 5510, the delay table 5210, and the management
table 5310 therein, and sends a switching request frame
20004 for switching an uplink signal sending path from the
active system path 921 to the standby system path 922, to the
AE 112.

Frame configuration examples of the transfer request
frame 20003 and the switching request frame 20004 are the
same as the signal configuration shown in FIGS. 30(B) and
30(A) respectively. Only the frame type identifier 10061 or
10063 of the payload 10060 may be changed. In addition, the
other-information field 10062 includes an identifier of a path
which is set as a switching/transfer target by the frame, and an
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identifier of a path after being switched, and thereby the BHE
172 or the AE 112 which receives the signal can clearly
recognize changed contents.

FIG. 32 is a sequence diagram illustrating a flow of a path
switching process in the second embodiment. This figure
shows an example of using an ACK signal in order to confirm
notification completion of the control signal and path switch-
ing/transfer process completion in the opposite equipment
BHE 172 or the AE 112, in transmission of the transfer
request frame 20003 from the BHE 171 to the BHE 172 and
transmission of the switching request frame from the BHE
172 to the BHE 171. As another method, a path switching
means which uses a timer is possible as shown in FIGS. 5 to
9. In any means, transmission and reception of a control
signal between equipments or a signal processing method
inside equipment is approximately the same as the sequence
shown in FIGS. 5 to 9, thus process procedures will be
described by exemplifying a case using an ACK frame in the
second embodiment, and an example employing a time will
be omitted.

In order to monitor communication circumstances from the
AE 112 to the BHE 171, the AE 112 periodically sends a
CCM frame to the communication path 921. An arrival time
point and an arrival time interval of the CCM frame are
confirmed and are recorded. In this figure, a state is shown in
which the CCM frame arrives last at a time point S700 and the
BHE 171 fails to observe the arrival of a series of CCM
frames.

In a case where the BHE 171 cannot confirm reception of a
subsequent CCM frame within a specific time set in advance
(S701), it is determined that failures occur in the path (S702).
Then, in the BHE 171, the failure monitoring unit 5400
instructs the frame generation unit 6230 or 6470 to generate a
transfer request frame, and notifies the reading control unit
6280 or 6460 of an instruction for sending of the transfer
request frame so as to start sending the transfer request frame
20003-1 and transfer request frame 20003-2.

When the transfer request frame 20003 is received, the
BHE 172 transitions to a path switching state (that is, starts a
path switching process) (S704). Here, the BHE 172 changes
the transfer table 5110, the management table 5310, the inter-
BHE path table 5510, and the delay table 5210 regarding a
path or a flow of which a notification is sent from the BHE
171. A configuration method and an update method of each
database are the same as the methods described in the first
embodiment, and thus description thereof will be omitted.
When the process in the BHE 172 is completed, the path
switching request frames 20004-1 and 20004-2 are sent to the
AE 112. The AE 112 which has received the instruction
changes an uplink signal sending path from the active system
path 921 to the standby system path 922. When update of the
transfer table 1110, the management table 1310, and the delay
table 1210 of the AE 112 is completed in relation to this
change, the AE 112 sends change completion notification
frames (ACK frames) 50000 (50000-1, 50000-2, . . . ) to the
BHE 172. The BHE 172 which has received the ACK frame
50000 confirms completion of settings therein, and sends
switching completion notifications (ACK frames) 60000
(60000-1, 60000-2, for informing of setting completion of a
communication path using the standby system path 922 and
the standby path 970, to the BHE 171. The BHE 171 resumes
communication with the AE 112 when the ACK frame 60000
is received. Data communication from the AE 112 to the BHE
172 and from the BHE 172 to the BHE 171 may be resumed
after the AE 112 and the BHE 172 start sending an ACK
signal. When the data communication is resumed, the CCM
frame may be transmitted from the AE 112 to the BHE 171 via
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the BHE 172, and thereby a communication path state may be
checked. Atthis time, forexample, ifthe AE 112 can normally
receive the CCM frame from a reverse communication path
which is directed to the AE 112 from the BHE 171, it can be
determined that a state in which data communication can be
resumed happens.

C. Third Embodiment

FIG. 32 is a network configuration diagram illustrating a
state in which three or more relay network edge equipment
BHESs on the core networks 210 and 220 side are connected to
a single access side edge equipment AE in the relay network
10 of FIG. 1. Hereinafter, a description will be made of
another path switching method in the relay network 10.

In the paths 911, 912, 921, 922, 923, 931, 932, and 933
formed in the relay network 10, in order to check normality of
apacket communication path, the CCM frame is periodically
transmitted in the same manner as in the configuration of F1G.
1. In the present embodiment, circumstances are shown in
which a communication failure 300-1 occurs in the active
system path 921 located at the shortest communication dis-
tance, and the first standby system 922 is used as a commu-
nication path.

In this figure, attention is paid to a signal process in a
redundant system path formed by the AE 112 and the BHEs
171, 172 and 173, and this will be described as a representa-
tive example. Also here, the AE 112 will be described as a
representative example; however, frame transmission and
reception and the path switching method of the AE 111 and
the AE 113, and the BHEs 171, 172 and 173 are the same as
in FIG. 1.

A frame transfer process is performed by referring to a
table held in the transfer table (FIG. 10: 1110) provided in the
AE, the BHE, and relay communication equipment using the
paths 921, 922 and 923. A method of forming and referring to
the transfer table (FIG. 10: 1110) is approximately the same
as the description of FIG. 2. Further, as described with refer-
ence to FIG. 2, for example, there is a possibility that a
communication signal (including the CCM frame) from the
AE 112 to the BHE 171 and a communication signal (includ-
ing the CCM frame) from the BHE 171 to the AE 112 may
pass through the same physical line, and there is a possibility
that the signals may pass through paths (physically) different
from each other and be transmitted and received in a case
where a plurality of physical lines are installed. In the present
embodiment, a description will be made of a method of han-
dling (path switching) failures regarding communication
from the AE 112 to the CRE 211 (the BHE 171) as a repre-
sentative example.

In a case where connectivity is not confirmed in this con-
figuration, path switching is performed between the AE 112
and the BHE 171 so as to secure continuity of communica-
tion. In the circumstances of this figure, the path failure 300-1
has already disrupted communication from the AE 111 to the
BHE 171. In addition, it is considered that a second failure
300-2 occurs, and it is difficult to continuously perform com-
munication using the standby system path 922.

The path failure 300-2 can be detected when periodical
reception of a CCM frame by the BHE 172, transmitted from
the AE 112 to the BHE 172, stops. The BHE 172 determines
that it is difficult to continuously perform communication in
the path 922 through this detection.

When the path failure 300-2 is detected, the BHE 172
requests the BHE 173 to relay communication with the BHE
171 by using a replacement system path (accurately, a part
thereof) 923 which is set in advance from the BHE 171 via the
BHE 173. This request uses, for example, the switching
request frame 20001 (FIG. 30). When the request is received,
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the BHE 173 requests the AE 112 to switch a frame transfer
path directed to the transmission destination BHE (here, the
BHE 171). In other words, the AE 112 is requested to change
signal distribution settings so as to send a frame directed to
the BHE 171 sent by the AE 112 to the BHE 173 using the
standby path 923.

In addition, in FIG. 33, the paths 970-1 and 970-2 are
communication paths (a portion thereof) used after a commu-
nication path is changed from the path 921 to the path 922
after the failure 300-1 occurs. As in the present embodiment,
when the second failure 300-2 occurs, communication
between the AE 112 and the BHE 171 is continuously per-
formed using still another path 970-3. The BHEs 171,172 and
173 are connected to each other using a topology in which a
pair of BHEs can communicate with each other. As an
example of the topology, there is a mesh type or a ring type
connection form between the BHEs which can be used. In this
figure, a mesh type connection is exemplified.

FIG. 34 is a communication path configuration diagram
illustrating a standby system path configuration method in a
case where connectivity is not confirmed due to the second
failure 300-2 in the communication circumstances checking
process described in FIG. 33. As described in FIG. 33, this
figure shows a path configuration example in a case where an
abnormal state (or an abnormal operation) is detected when
the CCM frame 10000 is delivered.

This figure shows a replacement system (standby system)
in which a signal output from the AE 112 passes through the
BHE 173 and arrives atthe BHE 171 as a communication path
after the path 922 is switched to the path 923.

In the same manner as the path switching methods (FIGS.
1 to 32) for the first failure, a feature different from the
existing switching method (for example, ITU-T Recommen-
dation G.8031) lies in that the BHE 173 is a relay point of a
switching request signal and communication after path
changing. In other words, a tree type communication network
in which the BHE 173 is a top forms a sub-tree when viewed
from the BHE 171. In this figure, the BHEs 171, 172 and 173
are mesh-connected to each other, and this forms a pyramidal
(conical) topology in which three communication paths are
connected to a flat mesh network 3300 formed by three
equivalent communication equipments (BHEs) when viewed
from the AE 112. A communication signal from the AE 112 to
the core network 210 is input to the mesh network 3300 which
corresponds to the bottom side of the pyramid and arrives at
the core network 210 via the BHE 171.

A feature of an operation realized by the pyramidal con-
nection is derived from a configuration in which (1) the BHEs
171,172 and 173 are communication relay (collection) equip-
ment having an equivalent function, and (2) all the AEs 111 to
113 are connected to the BHEs 171, 172 and 173 in advance
via paths 921, 922 and 923 which are independent from one
another. Using the feature of (1), the connection relationship
among the BHEs 171, 172 and 173 is changed at random, and
thereby the AE 112 can freely change a single hierarchical
tree to which the equipment belongs in a certain time point.
Further, the communication path between the BHEs is used
for data communication as a bypass path, and thereby a form
of the communication network is changed to a multi-hierar-
chical tree of two or more hierarchies (realized by a pyramidal
structure in which two or more BHEs are connected to one
another) so as to continuously perform communication even
in a failure. In addition, if using the feature of (2), when a path
change which depends on a communication network building
plan is needed, it is possible to secure a communication path
having an equivalent performance and to change easily with-
out labors such as installation of lines or movement of equip-
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ment. Further, there is also a method in which an existing
protection switching technique determines an operation sys-
tem and a standby system (switched destination) in advance
for each communication unit (for example, “connection” or
“path”) as indicated by 1+1 or 1:1 (generally, N+M type or
N:M type (a method of preparing for M standby paths in order
to protect N items of communication)). In this case, if each
item of communication is to be more reliably protected, com-
munication network resources which are preliminarily nec-
essary increase to that extent. In contrast, in the present
embodiment, communication is collected in the BHEs 171
and 172, the standby path 970 connecting between the BHEs
is shared as a standby path, and thereby it is not necessary to
secure a large number of network resources. In addition, since
there is a low probability that a plurality of path failures may
occur, a part of the communication path 3300 is connected to
all the paths 921, 922 and 923 so as to form a communication
path between the AE 112 and the BHE 171, and thereby it is
possible to effectively use the resources. In the existing pro-
tection switching technique, only a single communication
unit is protected for a single standby line (the number of
settings), but the standby path 3300 can be assigned to all
items of communication in the configuration of FIG. 34. The
cost-effectiveness thereof is high. Generally, when the num-
ber of accommodated items of communication (the number
of collections) is taken into consideration, the BHEs 171,172
and 173 are higher in a process performance of the commu-
nication equipment than the AE 112. In most cases, the BHE
employs a configuration of equipment itself with the higher
reliability than the AE. Further, a large capacity line is easily
to be used for the standby path 3300 between the BHEs, and,
since traffics do not flow into the standby path 3300 in a
normal operation, it is easy to cope with the emergency.

In this figure, the arrows 3310 and 3320 indicating the
signal transmission path and direction, and the arrows 3352,
3353 and 3330 indicating signals from the AE 112 to the BHE
171 indicate a flow of the switching control signal described
in FIG. 34 and signals from the AE 112 to the BHE 171 after
the path is switched. Procedures of the path switching process
will be described in detail with reference to FIG. 35.

In this way, the relay equipment monitors communication
circumstances, and a location closer to a failure point detects
a failure when the failure occurs, thereby shortening time
until handling of the failure starts as compared with the typi-
cal protection switching. This is realized by equipment relay-
ing communication having a function equivalent to that of
equipment which is an end point of the communication. Here,
the equivalent function also includes requirements in terms of
network design such as a function of playing a role as edge
equipment of the relay network 10 and including table infor-
mation in addition to a function of processing a user (data)
signal and a control signal. For this reason, there is provided
a function of capable of transmitting and receiving table
setting information between the BHEs, and control informa-
tion is exchanged via the core network side edge mesh net-
work 3300.

FIG. 35 is a sequence diagram illustrating a flow of a path
switching process in the path configuration example of FIGS.
33 and 34. This figure shows an example using an ACK signal
in order to confirm notification completion of a control signal
and path switching/transfer process completion in the oppo-
site equipment AE 112, in transmission of a switching noti-
fication transmission request frame 3310 from the BHE 172
to the BHE 173 and transmission of a switching request frame
(not shown) from the BHE 172 to the BHE 171. As another
switching completion determining means, a method which
uses a timer is possible as shown in FIGS. 5 to 9. In any
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means, transmission and reception of a control signal
between equipments or a signal processing method inside
equipment is approximately the same as the sequence shown
in FIGS. 5 to 9, thus process procedures will be described by
exemplifying a case using an ACK frame in the embodiment,
and an example employing a timer will be omitted.

In order to monitor communication circumstances from the
AE 112 to the BHE 171, the AE 112 periodically sends a
CCM frame to the communication path 922. An arrival time
point and an arrival time interval of the CCM frame are
confirmed and are recoded. In this figure, a state is shown in
which the CCM frame arrives last at a time point S999 and the
BHE 172 fails to observe the arrival of a series of CCM
frames.

In a case where the BHE 172 cannot confirm reception of a
subsequent CCM frame within a specific time set in advance
(S1001), it is determined that failures occur in the path
(S1002). Then, in the BHE 172, the failure monitoring unit
5400 instructs the frame generation unit 6230 or 6470 to
generate switching notification transmission request frame
3310, and notifies the reading control unit 6280 or 6460 of an
instruction for sending of the request frame 3310 so as to start
sending the switching notification transmission request frame
3310 (in this figure, 34001-1 and 34001-2) (S1003 and
S1004).

When the switching notification transmission request
frames 34001-1 and 34001-2 which are equal to or more than
a predetermined number are received, the BHE 173 transi-
tions to a path switching state (that is, starts a path switching
process) (S1005). Here, the BHE 173 changes the transfer
table 5110, the management table 5310, the inter-BHE path
table 5510, and the delay table 5210 regarding a path or a flow
of' which a notification is sent from the BHE 172. A configu-
ration method and an update method of each database are the
same as the methods described in the first and second embodi-
ments, and thus description thereof will be omitted. When the
process in the BHE 173 is completed (S1006), the path
switching request frames 34002-1 and 34002-2 are sent to the
AE 112. The AE 112 which has received the instruction
changes an uplink signal sending path from the active system
path 922 to still another standby system path 923. When
update of the transfer table 1110, the management table 1310,
and the delay table 1210 of the AE 112 is completed in
relation to this change, the AE 112 sends change completion
notification frames (ACK frames; not shown) to the BHE 172.
When the ACK frames are received, the BHE 173 regards
settings therein and path switching as being completed
(S1008). Successively, a switching completion notification
(ACK frame; an ACK frame directed to the BHE 171 is not
shown) 34003-1 is sent so as to inform the BHE 171 and the
BHE 172 of setting completion of a communication path
using the standby system path 923 and the standby path
970-3. When the ACK frames 34003-1 which are equal to or
more than a predefined number are received, the BHE 172
determines that the switching is completed, and resumes
communication with the AE 112. In addition, as another
procedure, data communication from the AE 112 to the BHE
173 and from the BHE 173 to the BHE 171 may be resumed
after the AE 112 and the BHE 172 start sending an ACK
signal. When the data communication is resumed, the CCM
frame may be transmitted from the AE 112 to the BHE 171 via
the BHE 173, and thereby a communication path state may be
checked.

FIG. 36 is a flowchart illustrating process procedures when
a data frame or a control (for example, CCM) frame is
received by the header analysis unit 6260 of the BHE 172.
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The processes in steps F1001 and F1002 are approximately
the same as the procedures of FIG. 17 which show the process
method of the CCM frame. In the present embodiment, the
BHE 172 is operated as relay equipment of a communication
path from the AE 112 to the BHE 171. Hereinafter, frame
process procedures in the path control unit are extracted and
are shown.

When a frame is received by the interface of the BHE 172
(F1001), the BHE extracts an identifier of a path through
which the frame should pass based on header information of
the frame (F1002 and F1003). In a case where the frame is a
CCM frame, and the path through which the frame passes is
a path in which the self equipment is an end point (the core
network is connected to the access network via the self equip-
ment) (F1004 to F1007), the CCM frame is terminated. An
analysis process of reception circumstances of the CCM
frame after the termination is the same as described above,
and thus repeated description thereof will be omitted (F1008).
In addition, ifthe self equipment is not an end point, the CCM
frame is transferred to another BHE which is an end point
(F1009). At this time, in relation to a path in which the self
equipment should be operated as relay equipment, an arrival
interval of the CCM frame is confirmed, and a preliminary
operation for handling failure detection and path switching is
performed (F1006, F1007, and F1009).

If the CCM frame is confirmed in F1005 and F1006, it is
confirmed in F1003 that the request frame is received from a
correct path, and, then, it is detected that failures occur in the
path, the BHE 171 is requested to perform path switching so
as to use the standby path, thereby securing a communication
path using the standby path 970-3 (F1004). Specifically, the
BHE 171 is instructed to change the transfer table so as to
receive an upward communication signal from the AE 112.
This switching request frame (not shown) is generated by the
frame generation unit 6230.

Further, in order to continuously perform uplink commu-
nication of the flow via the BHE 173, the path control unit
5100 sends an instruction frame so as to change the path
information of the transfer table 5110 of the AE 112, thereby
changing the communication from the AE 112 to the BHE
173. This process is performed using a system switching
instruction frame 34002.

FIG. 37 is a flowchart illustrating procedures of a path
switching process in the path control unit when the BHE 172
detects the failure 300-2.

This process starts at atime point when a failure is detected.
A location of the detected failure on a target path of the self
equipment is confirmed in step F1101. If the equipment is an
end point of the path, the path switching process described in
FIGS. 1to 32 is performed (F1102). Here, for example, a path
switching request is transmitted to the AE 112 and the BHE
171, and thereby communication from the AE 112 to the self
equipment is secured. The opposite equipment described in
F1102 indicates the AE 112 in this case.

There is a high probability that the failure 300-1 may occur
before the failure 300-2 in the path in which the self equip-
ment is set as relay equipment. Therefore, first, it is checked
whether or not the active path (the path 921 in the examples of
FIGS. 32 and 33) is recovered (is in an available state) in
relation to the path (F1103). If the path 921 is available, a path
switch-back process F1108 is performed. Specifically, the AE
112 is instructed to change a sending path (from the path 922
to the path 921) of an uplink signal, and, further, the BHE 171
is instructed to change a reception path so as to receive a
frame from the AE 112.

In a case where the active system path 921 is not recovered
atthe time point when the failure 300-2 occurs, other paths are
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selected (F1104). In this case, since a third path passing
through the BHE 173 is available, the BHE 173 which is relay
equipment of an available path and the AE 112 which is a
transmission source of an uplink signal are respectively
instructed to change a reception path and a transmission path
in steps F1106 and F1107. In addition, if other standby sys-
tems cannot be selected in step F1104, a communication stop
warning is transmitted to the path control unit (F1105).

The invention claimed is:

1. A communication network system comprising:

a plurality of edge equipments (AEs) on an access line side
that accommodate an access line; and

aplurality of backhaul edge equipments (BHEs) connected
to a network side,

wherein each of the BHEs

is located at a top of a tree structure formed in a relay
network including the plurality of AEs, and includes
communication paths with the plurality of AEs;

includes an intercommunication path through which a data
signal does not flow in a normal operation and the data
signal is mutually transmitted and received as a traffic
accommodation path in an emergency between each of
the plurality of BHESs, each of which is at the top of the
tree structure; and

includes a BHE transfer table which stores in advance a
correlation between an input communication path and
an output communication path, and an inter-BHE path
table which stores in advance a correlation between an
input communication path and an output communica-
tion path in the intercommunication path,

wherein each of the plurality of AEs

has communication paths for the plurality of BHEs, and is
connected to the plurality of BHEs in advance via paths
independent from one another;

sets an active system path for one of the plurality of BHEs
which are tops of a plurality of tree structures to which
the self AE belongs, and sets a standby system path for
one or a plurality of BHEs among the other BHEs;

wherein

the AE, in a normal operation state, receives data commu-
nication from a first BHE, and periodically receives a
connection checking frame for checking normality of a
communication path in order to monitor communication
circumstances of a first communication path between
the AE and the first BHE;

the AE determines that a failure occurs in the first commu-
nication path when a subsequent connection checking
frame is not received until a specific time has elapsed;
and

the AE sends a path switching request frame to a second
BHE using a second communication path with the sec-
ond BHE in which abnormality is not recognized on the
communication path,

wherein,

when the second BHE receives the path switching request
frame transmitted by the AE,

the second BHE recognizes that some sort of problem
which disrupts continuous communication between the
AFE and the first BHE occurs;

the second BHE makes the second communication path
connected between the AE and the second BHE valid as
a main signal path in a second BHE transfer table in the
second BHE, sets a communication path directed to the
AE using the intercommunication path connecting the
first BHE and the second BHE for a downlink signal to
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the AE, and changes settings so as to set a transmission
path by the intercommunication path for an uplink signal
from the AE; and

the second BHE further transmits a transtfer request frame
for accommodating communication which is directed to
the AE from the first BHE in the intercommunication
path, to the first BHE,

wherein,

when the first BHE receives the transfer request frame from
the second BHE, the first BHE changes settings in the
first BHE transfer table in the first BHE so as to switch a
path, which receives an uplink signal from the AE, from
the first communication path to the intercommunication
path; and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed
to the AE received from the network to the intercommu-
nication path, in relation to the downlink signal to the AE
which has been transferred using the first communica-
tion path connecting the first BHE to the AE, and

wherein a sub-tree having a sub-tree structure in which the
second BHE of a standby system by passing a failure
point is placed as a top is built under the first BHE of an
active system, and communication between the AE and
the first BHE ofthe active system is relayed by a standby
system path via the second BHE of the standby system.

2. The communication network system according to claim

wherein the AE completes transmission of the switching
request frame after stopping or waiting for a user data
frame process for a specific time, and resumes sending
of user data frames which are accumulated in the AE
during a switching process.

3. The communication network system according to claim

wherein, when a specific time has elapsed from a start of
sending of the transfer request frame or an ACK signal
for the transfer request frame is received from the first
BHE, the second BHE confirms that information update
of a second BHE transfer table and/or a second inter-
BHE path table in the second BHE is completed, and
then sends the ACK signal for notifying the AE of trans-
fer preparation completion, and

wherein, when the ACK signal is received, the AE changes
a transmission destination from the first communication
path to the second communication path from that point,
and starts communication to the network via the second
BHE.

4. The communication network system according to claim

wherein, when the transfer request frame is received from
the second BHE, the first BHE sends an ACK signal for
notifying the second BHE of transfer preparation
completion, after path setting in the first BHE transfer
table and/or the first inter-BHE path table in the first
BHE is completed,

wherein, when the ACK signal is confirmed, the second
BHE transmits an ACK frame for notifying of prepara-
tion completion to the AE via the second communication
path, and

wherein, when the ACK frame is confirmed, the AE
changes a transmission destination from the first com-
munication path to the second communication path from
that point, and starts communication to the network via
the second BHE.
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5. The communication network system according to claim

wherein the BHE transfer table and/or the inter-BHE path
table correlate an input communication path with an
output communication path, and further store identifica-
tion information of active and standby or identification
information of a failure in advance, and

wherein, when arrival of a path switching request frame is
recognized, the second BHE sets a flag of the identifi-
cation information of active and standby or the identifi-
cation information of a failure in standby system path
information which is set in the second BHE transfer
table and/or the second inter-BHE path table in advance,
and makes an entry of the intercommunication path valid
to perform path switching on a targeted flow.

6. A communication network system comprising:

a plurality of edge equipments (AEs) on an access line side
that accommodate an access line; and

aplurality of backhaul edge equipments (BHEs) connected
to a network side,

wherein each of the BHEs

is located at a top of a tree structure formed in a relay
network including the plurality of AEs, and includes
communication paths with the plurality of AEs;

includes an intercommunication path through which a data
signal does not flow in a normal operation and the data
signal is mutually transmitted and received as a traffic
accommodation path in an emergency between each of
the plurality of BHESs, each of which is at the top of the
tree structure; and

includes a BHE transfer table which stores in advance a
correlation between an input communication path and
an output communication path, and an inter-BHE path
table which stores in advance a correlation between an
input communication path and an output communica-
tion path in the intercommunication path,

wherein each of the plurality of AEs

has communication paths for the plurality of BHEs, and is
connected to the plurality of BHEs in advance via paths
independent from one another;

includes an AE transfer table which stores in advance a
correlation between an input communication path and
an output communication path, sets an active system
path for one of the plurality of BHEs which are tops of a
plurality of tree structures to which the self AE belongs,
and sets a standby system path for one or a plurality of
BHEs among the other BHESs;

wherein

a first BHE, in a normal operation state, receives data
communication from the AE, and periodically receives a
connection checking frame for checking normality of a
communication path in order to monitor communication
circumstances of a first communication path between
the AE and the first BHE;

the first BHE determines that a failure occurs in the first
communication path when a subsequent connection
checking frame is not received until a specific time has
elapsed; and

the first BHE sends a transfer request frame to a second
BHE using an intercommunication path connected to the
second BHE,

wherein,

when the second BHE receives the transfer request frame
transmitted by the first BHE,

the second BHE recognizes that some sort of problem
which disrupts continuous communication between the
AFE and the first BHE occurs;
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the second BHE makes the second communication path
connected between the AE and the second BHE valid as
a main signal path in a second BHE transfer table in the
second BHE, sets a communication path directed to the
AE using the intercommunication path connecting the
first BHE and the second BHE for a downlink signal to
the AE, and changes settings so as to set a transmission
path by the intercommunication path for an uplink signal
from the AE; and

the second BHE further sends a switching instruction
frame to the AE so as to switch an uplink signal sending
path from the first communication path to a second com-
munication path with the second BHE, in which abnor-
mality is not recognized on the communication path, and

wherein the AE changes settings in the AE transfer table so
as to switch an uplink signal sending path from the first
communication path to the second communication path
with the second BHE, in which abnormality is not rec-
ognized on the communication path, when the switching
instruction frame is received, and

wherein,

on the other hand, the first BHE changes settings in the first
BHE transfertable in the first BHE so as to switch a path,
which receives an uplink signal from the AE, from the
first communication path to the intercommunication
path; and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed
to the AE received from the network to the intercommu-
nication path, in relation to the downlink signal to the AE
which has been transferred using the first communica-
tion path connecting the first BHE to the AE, and

wherein a sub-tree having a sub-tree structure in which the
second BHE of a standby system by passing a failure
point is placed as a top is built under the first BHE of an
active system, and communication between the AE and
the first BHE ofthe active system is relayed by a standby
system path via the second BHE of the standby system.

7. The communication network system according to claim

wherein, in a case where the AE has already been con-
nected to the first BHE via the second communication
path and the second BHE due to a failure regarding the
first communication path connecting the AE to the first
BHE,

when the second BHE detects a failure regarding the sec-
ond communication path according to stop of periodical
reception of a connection checking frame which is trans-
mitted from the AE to the second BHE,

the second BHE sends a switching request frame to a third
BHE using the intercommunication path,

wherein,

when the third BHE receives the switching request frame
transmitted by the second BHE,

the third BHE recognizes that some sort of problem which
disrupts continuous communication between the AE and
the second BHE occurs;

the third BHE makes the third communication path con-
nected between the AE and the third BHE valid as the
main signal path in a third BHE transfer table in the third
BHE, sets a communication path directed to the AE
using the intercommunication path connecting the first
BHE and the third BHE for a downlink signal to the AE,
and changes settings so as to set a transmission path by
the intercommunication path for an uplink signal from
the AE; and
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the third BHE further sends a switching instruction frame
to the AE so as to switch an uplink signal sending path
from the first communication path to a third communi-
cation path with the third BHE, in which abnormality is
not recognized on the communication path, and

wherein the AE changes settings in the AE transfer table so
as to switch an uplink signal sending path from the first
communication path to the second communication path
with the second BHE, in which abnormality is not rec-
ognized on the communication path, when the switching
instruction frame is received, and

wherein,

on the other hand, the first BHE changes settings in the first
BHE transfer table in the first BHE so as to switch a path,
which receives an uplink signal from the AE to the
intercommunication path connected to the third BHE;
and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed
to the AE received from the network to the intercommu-
nication path connected to the third BHE, in relation to
the downlink signal to the AE, and

wherein a sub-tree having a sub-tree structure in which the
third BHE of a standby system by passing a failure point
is placed as a top is built under the first BHE of an active
system, and communication between the AE and the first
BHE of the active system is relayed by a standby system
path via the third BHE of the standby system.

8. A communication network configuration method using a

communication network system comprising:

a plurality of edge equipments (AEs) on an access line side
that accommodate an access line; and

aplurality of backhaul edge equipments (BHEs) connected
to a network side,

wherein each of the BHEs

being at a top of a tree structure formed in a relay network
including the plurality of AEs, and including communi-
cation paths with the plurality of AEs;

including an intercommunication path through which a
data signal does not flow in a normal operation and the
data signal is mutually transmitted and received as a
traffic accommodation path in an emergency between
each of the plurality of BHEs, each of which is at the top
of the tree structure; and

including a BHE transfer table which stores in advance a
correlation between an input communication path and
an output communication path, and an inter-BHE path
table storing in advance a correlation between an input
communication path and an output communication path
in the intercommunication path,

wherein each of the plurality of AEs

providing communication paths for the plurality of BHEs,
and is connected to the plurality of BHEs in advance via
paths independent from one another;

setting an active system path for one of the plurality of
BHEs which are tops of a plurality of tree structures to
which the self AE belongs, and setting a standby system
path for one or a plurality of BHEs among the other
BHEs;

wherein

the AE, in a normal operation state, receiving data commu-
nication from a first BHE, and periodically receives a
connection checking frame for checking normality of a
communication path in order to monitor communication
circumstances of a first communication path between
the AE and the first BHE;
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the AE determining that a failure occurs in the first com-
munication path when a subsequent connection check-
ing frame is not received until a specific time has
elapsed; and

the AE sending a path switching request frame to a second
BHE using a second communication path with the sec-
ond BHE in which abnormality is not recognized on the
communication path,

wherein,

when the second BHE receives the path switching request
frame transmitted by the AE,

the second BHE recognizing that some sort of problem
which disrupts continuous communication between the
AFE and the first BHE occurs;

the second BHE causing the second communication path
connected between the AE and the second BHE valid as
a main signal path in a second BHE transfer table in the
second BHE, setting a communication path directed to
the AE using the intercommunication path connecting
the first BHE and the second BHE for a downlink signal
to the AE, and changing settings so as to set a transmis-
sion path by the intercommunication path for an uplink
signal from the AE; and

the second BHE further transmitting a transfer request
frame for accommodating communication which is
directed to the AE from the first BHE in the intercom-
munication path, to the first BHE,

wherein,

when the first BHE receives the transfer request frame from
the second BHE, the first BHE changing settings in the
first BHE transfer table in the first BHE so as to switch a
path, which receives an uplink signal from the AE, from
the first communication path to the intercommunication
path; and

the first BHE further changing settings in the first BHE
transfer table so as to transfer a downlink signal directed
to the AE received from the network to the intercommu-
nication path, in relation to the downlink signal to the AE
which has been transferred using the first communica-
tion path connecting the first BHE to the AE, and

wherein a sub-tree having a sub-tree structure in which the
second BHE of a standby system by passing a failure

point being placed as a top is built under the first BHE of

an active system, and communicating between the AE
and the first BHE of the active system is relayed by a
standby system path via the second BHE of the standby
system.

9. A communication network configuration method using a

communication network system comprising:

aplurality of edge equipments (AEs) on an access line side
that accommodate an access line; and

aplurality of backhaul edge equipments (BHEs) connected
to a network side,

wherein each of the BHEs

being at a top of a tree structure formed in a relay network
including the plurality of AEs, and including communi-
cation paths with the plurality of AEs;

including an intercommunication path through which a
data signal does not flow in a normal operation and the
data signal is mutually transmitted and received as a
traffic accommodation path in an emergency between
each of the plurality of BHEs, each of which is at the top
of the tree structure; and

including a BHE transfer table which stores in advance a
correlation between an input communication path and
an output communication path, and an inter-BHE path
table storing in advance a correlation between an input
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communication path and an output communication path
in the intercommunication path,

wherein each of the plurality of AEs

providing communication paths for the plurality of BHEs,
and is connected to the plurality of BHEs in advance via
paths independent from one another;

including an AE transfer table storing in advance a corre-
lation between an input communication path and an
output communication path, setting an active system
path for one of the plurality of BHEs which are tops of a
plurality of tree structures to which the self AE belongs,
and setting a standby system path for one or a plurality of
BHEs among the other BHESs;

wherein

a first BHE, in a normal operation state, receiving data
communication from the AE, and periodically receives a
connection checking frame for checking normality of a
communication path in order to monitor communication
circumstances of a first communication path between
the AE and the first BHE;

the first BHE determining that a failure occurs in the first
communication path when a subsequent connection
checking frame is not received until a specific time has
elapsed; and

the first BHE sending a transfer request frame to a second
BHE using an intercommunication path connected to the
second BHE,

wherein,

when the second BHE receiving the transfer request frame
transmitted by the first BHE,

the second BHE recognizing that some sort of problem
which disrupts continuous communication between the
AFE and the first BHE occurs;

the second BHE causing the second communication path
connected between the AE and the second BHE valid as
a main signal path in a second BHE transfer table in the
second BHE, setting a communication path directed to
the AE using the intercommunication path connecting
the first BHE and the second BHE for a downlink signal
to the AE, and changing settings so as to set a transmis-
sion path by the intercommunication path for an uplink
signal from the AE; and

the second BHE further sending a switching instruction
frame to the AE so as to switch an uplink signal sending
path from the first communication path to a second com-
munication path with the second BHE, in which abnor-
mality is not recognized on the communication path, and

wherein the AE changing settings in the AE transfer table
so as to switch an uplink signal sending path from the
first communication path to the second communication
path with the second BHE, in which abnormality is not
recognized on the communication path, when the
switching instruction frame is received, and

wherein,

on the other hand, the first BHE changing settings in the
first BHE transfer table in the first BHE so as to switch a
path, receiving an uplink signal from the AE, from the
first communication path to the intercommunication
path; and

the first BHE further changing settings in the first BHE
transfer table so as to transfer a downlink signal directed
to the AE received from the network to the intercommu-
nication path, in relation to the downlink signal to the AE
which has been transferred using the first communica-
tion path connecting the first BHE to the AE, and

wherein a sub-tree having a sub-tree structure in which the
second BHE of a standby system by passing a failure
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point being placed as a top is built under the first BHE of
an active system, and communicating between the AE
and the first BHE of the active system is relayed by a
standby system path via the second BHE of the standby
system.

10. The communication network configuration method

according to claim 9,

wherein, in a case where the AE has already been con-
nected to the first BHE via the second communication
path and the second BHE due to a failure regarding the
first communication path connecting the AE to the first
BHE,

when the second BHE detects a failure regarding the sec-
ond communication path according to stop of periodical
reception of a connection checking frame which is trans-
mitted from the AE to the second BHE,

the second BHE sends a switching request frame to a third
BHE using the intercommunication path,

wherein,

when the third BHE receives the switching request frame
transmitted by the second BHE,

the third BHE recognizes that some sort of problem which
disrupts continuous communication between the AE and
the second BHE occurs;

the third BHE makes the third communication path con-
nected between the AE and the third BHE valid as the
main signal path in a third BHE transfer table in the third
BHE, sets a communication path directed to the AE
using the intercommunication path connecting the first
BHE and the third BHE for a downlink signal to the AE,
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and changes settings so as to set a transmission path by
the intercommunication path for an uplink signal from
the AE; and

the third BHE further sends a switching instruction frame
to the AE so as to switch an uplink signal sending path
from the first communication path to a third communi-
cation path with the third BHE, in which abnormality is
not recognized on the communication path, and

wherein the AE changes settings in the AE transfer table so
as to switch an uplink signal sending path from the first
communication path to the second communication path
with the second BHE, in which abnormality is not rec-
ognized on the communication path, when the switching
instruction frame is received, and

wherein,

on the other hand, the first BHE changes settings in the first
BHE transfer table in the first BHE so as to switch a path,
which receives an uplink signal from the AE to the
intercommunication path connected to the third BHE;
and

the first BHE further changes settings in the first BHE
transfer table so as to transfer a downlink signal directed
to the AE received from the network to the intercommu-
nication path connected to the third BHE, in relation to
the downlink signal to the AE, and

wherein a sub-tree having a sub-tree structure in which the
third BHE of a standby system by passing a failure point
is placed as a top is built under the first BHE of an active
system, and communication between the AE and the first
BHE of the active system is relayed by a standby system
path via the third BHE of the standby system.
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